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Astronomy - or at the very 
least, plain old stargazing - is 
ahobby that anyone can 

do. No matter where you 
are in the world, how much 
money you have (or don't 
have), or how much you 
know about the wider space 
beyond Earth’s atmosphere, 
you can always step outside 
at night and look up. The only real requirement is 
arelatively clear sky, and then most people will 
feel compelled to stare and ponder in a way that 
any terrestrial wonder can't quite evoke. 

This isn't just a hobby that transcends the 
continents of Earth either, but people throughout 
history. The cosmos changes ona chronological 
scale that makes human evolution seem like a 
blink of the eye. The best known constellations 
today, Orion the Hunter, the Big Dipper (or 
saucepan, depending where you go in the world) 


Pm a ibicondstcmcelereteces|s) 
journey time for ligh 





and the Southern Cross, were still moving 
across the night sky in pretty much the same 
configuration when our ancestors decided to 
look up from their fires in prehistoric times. And 
during recorded history, we're joined with ancient 
scholars across millennia by cosmic events that 
are still unfolding: like the supernova SN 1006, 
one of the brightest stellar events ever recorded 
when it exploded over 1,000 years ago - the 
billowing, nebulous remnant of which was only 
identified in 1965. 

If you ask any of our readers in our Me & My 
Telescope section (page 90), they will probably all 
tell you the same thing: while the best astronomy 
gear and know-how to boot will allow you to 
observe objects you'll never see otherwise, there 
is no substitute for simply staring up at a clear, 
dark night. 
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one of the hottest 
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~ This is the Milky Way - the middle part of it, at 
. any rate - shot from the European Southern 
-Observatory’s Paranal home in the Atacama Desert, 
Chile. It shows what's known as the ‘dusty lane’, a 

. band of dust and gas that runs thick through the 
centre of the galaxy from our terrestrial perspective, 
26,000 light years away from the core, and obscures 
most of it when viewed in an optical wavelength. 
The eye-catching, iridescent lights off to the right are 
the Rho Ophiuchi and Antares star-forming regions. 
This image is part of ESO's GigaGalaxy Zoom project, 
taken by ESO engineer and astrophotographer 
‘Stéphane Guisard. The full-size image was stitched 
together out of 1,200 images with over 200 hours of 
exposure. It has an enormous resolution of 24,403 x 
13,973, for a total of 340 million pixels. 
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This might look like something you'd expect to see if you walked into a hangar 
in Area 51 - but it’s actually very much of terrestrial origin. Project Echo saw 
two metalised balloons sent up into low-Earth orbit in the mid-Sixties, as a 

communications experiment that reflected microwave signals from one place on 

Earth to another. These balloons were over 30 metres (98 feet) in diameter and 

had such low mass that in the relative vacuum of their orbit, they experienced a 
solar radiation pressure effect, with sunlight pushing them around in orbit. 
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Orion's rescue 


‘acific Ocean, 966 kilometres (600 

miles) off the coast of San Diego, on S 
“December 2014. As part of a rehearsed 

__ fescue programme, the Orion Recovery 
Team launched ships, helicopters, weather 
~~ balloons ‘and US Navy divers to attach a 
collar to the spacecraft and winch it onto 


“~*~ the well deck of the USS Anchorage. 
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Following the Apollo 11 Moon landing, Neil Armstrong, Buzz Aldrin 
and Michael Collins were sent with their wives in a government 
motorcade on a world tour. Riding on the crest of the huge publicity 
following their Moon landing, the Giantstep-Apollo 1! Presidential 
Goodwill Tour was intended to promote the willingness of NASA 
and the US to share its knowledge of space with the world. This 
image was taken in Mexico City, one of the 27 cities in 24 countries 
the tour visited over 45 days in late summer 1969. 
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@MarsCuniosity 


NASA’‘s Mars Curiosity rover has 
detected methane and organic 
molecules on Mats. On Earth, the 
vast majority of methane is produced 
by living organisms or their remains, 
Though NASA has been quick to insist 
that there are other, non-biological 
explanations, these findings could be 
the first sign of life on the Red Planet. 

During late 2013 and early 2014, 
the on-board Sample Analysis at 
Mars (SAM) instrument, detected 
four spikes in atmospheric methane, 
rising tenfold to around seven parts 
per billion. This is around 4,000 times 
lower than the level found on Earth, 
but still marks an exciting turning, 
point in the study of environmental 
conditions on Mars, As Curiosity 
scientist Sushil Atreya explained, 
“This temporary increase in methane 
- sharply up and then back down - 
tells us there must be some relatively 
localised source.” 

The background level of methane 
on Mars can be explained by 
ultraviolet light degrading carbon 
carried to the surface by meteorites, 
comets and space dust, but the 
spiking methane levels don't fit 
with this model. The site showed no 
evidence of a recent impact crater. 

The methane could have been 
stored in volcanic deposits trapped 
in ice beneath the surface, known 
as clathrates, or it might have been 
produced as rocks like olivine react 
with water. The other major possibility 
being considered is that there is 
a biological source, either ancient 
remains or current, living microbes. 


Should we be sending humans to explore the Red Planet? 
Tweet your thoughts using #GethumanstoMars 
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Curiosity has been exploring Gale _ 
Crater since 2011, and has found = 
evidence that it was once home to 
a freshwater lake, with conditions ~~ 
that would have been capable.of 
supporting life as we know it. , 

As well as methane, Curiosity also, 
revealed organic compounds inside a 
piece of mudstone called Cumberland. 
Although not proof of life on Mars, 
Caroline Freissinet of NASA's Goddard 
Space Flight Center explained its ww Ps 
significance, “We think life began on 
Earth around 3.8 billion years ago and 
our result shows that places on Mars 
had the same conditions at that time + 
liquid water, a warm environment and 
organic matter.” 

More research is required to 
identify the methane's source, but the 
discovery of organics gives hope that 
if there was once life on Mars, traces 
could have been preserved beneath 
the surface. A second Curiosity-style f * 
rover is due in 2020, then the search - : 
for life will really start to heat up. @ 
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Having analysed the water on 
67P/Churyumov-Gerasimenko, 
Rosetta has concluded that 
comets did not fill Earth's oceans 


sparks water 
ebate 


Two months on from the historic 
Rosetta comet landing, the probe's data 
is revealing clues about the origins of 
Water on Earth 


It has long been hypothesised that 


the water on Earth was delivered 

on the back of the icy comets flung 
towards our planet by the gravity 

of Jupiter, but this theory is starting 
to come apart. The water on the 
comet recently chased by the Rosetta 
spacecraft is nothing like the water on 
Earth, casting doubt over the origin of 
our oceans. 

Water comes in different flavours 
depending on the weight of the 
atoms that each molecule is made 
from. It can either contain lightweight 
hydrogen, or a heavier isotope known 
as deuterium. If comets like 67P/ 
Churyumov-Gerasimenko delivered 
water to the early Earth, you would 
expect the ratio of deuterium water to 
hydrogen water (D/H ratio) to match 
what we see in our oceans. However 


the D/H ratio is more than three times 
that found on Earth. 

Rosetta's comet is known as a 
Jupiter-family comet. These formed 
in the Kuiper belt, beyond the outer 
reaches of Neptune. The idea that 
these comets might have delivered 
water to Earth came after another 
Jupiter-family comet, 103P/Hartley 2. 
was found to have a D/H ratio similar 
to Earth. However, the data gathered 
by Rosetta indicates that not all 
comets are created equal. 

In a press release, Rosetta scientist 
Matt Taylor explained that the finding 
“rules out the idea that Jupiter-family 
comets contain solely Earth ocean: 
like water, and adds weight to models 
that place more emphasis on asteroids 
as the main delivery mechanism for 
Earth's oceans’ @ 


“Water on the comet chased 
by the Rosetta spacecraft is 
nothing like that on Earth" 
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The before (bottom) and after shots 
of Enceladus show the Satum 
moon with bright streaks of colour 


Cassini 
reveals 
Saturn's 
moons in 
full colour 


NASA‘s Cassini spacecraft has 
revealed incredible images of 
Saturn's six main moons in 
gorgeous full colour. Its camera 
probed the icy objects from 
infrared to ultraviolet. providing 
images beyond the scope of the 
human eye, and revealing the 
entire surfaces of the satellites in 
unprecedented detail. 

Enceladus is the star of the 
show, streaked with bright 
colours laid down by the gas and 
dust that spews from surface 
vents at its south pole, laying 
down in deposits of varying 
thickness. These are revealed in 
shades of yellow and magenta, 
while fresh cracks in the ice that 
cover the surface are highlighted 
in blue, demonstrating a UV 
signature similar to blue ice found 
in the Arctic. 

Tethys, Dione and Rhea 
are coated on one side in the 
dust that Enceladus kicks out. 
deposited as they travel through 
Saturn's E-ring. The trailing side 
of each of these moons is red in 
colour, reflecting the impact of 
Tadiation and charged particles on 
the surface material. @ 
















For full articles: 


New Horizons 
spacecraft 
awakens 


On 6 December, NASA woke 
the Pluto-bound 
probe from its slumber. The craft 











lew Horizons 


will begin its primary mission 
on 15 January, opening up a new 
window on Pluto and its Kuiper 
belt companions. 


ESA and China 
team up 


In the first ever collaboration 
between China and the European 
Space Agency, pressurised oil 
containers will be launched into 
orbit. Researchers hope that 
analysing its response to space 
travel will show the behaviour of 
deep reservoirs of oil on Earth 


Collaborative 
Moon rover 
planned 


Europe has never launched a 
mission to the Moon's surface, but 
ESA is proposing to collaborate 
with Roscosmos on its planned 
Luna-Resource Lander (Luna 

27), a rover bound for the Moon's 
unexplored south pole in 2019. 


NASA climate 
e 
lenge 


NASA is offering rewards of 

of the public who can think of 
innovative ways to use its data to 
tackle climate change. The NASA- 
USGS Data App Challenge runs 
until March 2015, and aims to find 
new solutions to pressing issues. 
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JOVR is preparing for a January 
launch, led by the National Oceanic and 
Atmospheric Administration (NOAA) 


Solar flare 
warning 
probe ready 


Due to launch on 23 January, the 
Deep Space Climate Observatory 
will act as an early warning system 
for incoming magnetic flares 

from the Sun. Known as coronal 
mass ejections, these bursts of 
energy and magnetism can cause 
havoc on the ground, disrupting 
communications and GPS. 

The new observatory will provide 
a warning time of 15 to 60 minutes, 
allowing NOAA's Space Weather 
Prediction Center not only to predict 
when they will arrive, but also to 
determine whether they are likely to 
cause an electrical storm. 

The satellite will be positioned 
directly between the Sun and the 
Earth at a distance of 1.5 million 
kilometres (932,000 miles), in a spot 
known as the Sun-Earth Lagrange 
point 1 (LI). In this place, the gravity 
of the Sun and Earth are in balance, 
allowing the craft to maintain a 
constant view of the surface of the 
Earth, It will measure the intensity 
of incoming magnetic fields, and 
will track energetic particles in solar 
wind, using the data to reveal the 
velocity, density and temperature of 
the incoming space weather. 

DSCOVR will also carry the Earth 
Polychromatic Imaging Camera 

SPIC) to capture images of the 
entire sunlit surface of the Earth, 
feeding back data about ozone and 
cloud formation every two hours. 

The satellite will launch on a 
SpaceX Falcon 9 rocket, and will 
replace NASA‘s existing satellit 
Advanced Composition Explo: 

which launched in 


Voyager l#s the first andonly * 
spacecraft to have left the 
safety of the heliosphere, and 
theshock waves are making its 
yg instruments sing ‘ 


Voyager I hears space ‘sing’ .. 


Space tsundthi waves make interstellar plasma vibraté as * 


the probe continues its journey out of the Solar System 


As Voyager 1 travels further from 
the Earth it is encountering unusual 
weather in interstellar space. Since 


February 2014, the detectors on boards 


have been picking up tsunami Waves 
that, according to project scientist*Ed 
Stone, make the interstellar medium 
"sing or vibrate like a bell”. 

Tsunami waves are a form of 
space weather generated by the Sun. 
Periodically, our star bursts into life. 


and spit§ out huge balls of, magnetic 
plasma known as goronal mass 
ejections. These cam hit the Earth, 
disrupting communications, electrical 
grids and satellites, but as they moye * 
towards the outer reaches of the 

Solar System, tM@y have a comfiletely 


. different effect 


Voyager 1 has experieficed, three 
separage tsunami waves. The first 
was in October 2012, and lasted just 


"+ significance of these finding’ 





a month. Thé'second followed in 

Aprif"2013, and was eqhually brief, 

but the third has been going on 

since February 2014. Professor of * . 
physics Don Gurnett describes the 





people would have thought the 
intetstellar medium would have been 
smooth and quiet. But these shock 
waves seem to be moye commonthan 
we thought.” @ 


Titan's sand dunes were formed 
over thousands of years 


Radar images of Saturn's moon have 
revealed new clues about its history 
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On Titan, it is thought a similar 


effect ha: aped the dur The 
change in light hitting the surface 
the orbit of the moon wobbles cause 
chan, in the wind on the surface, 
which in turn slow hanges the 
direction of ¢ Closer 
ving dunes 
10 look back in 
time at the history of the climate on 


the surface of Titan. @ 
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Why study Astronomy? 


How does Astronomy affect our everyday life? 





+ The Sun provides our energy to live and is used for timekeeping. 
+ The 


+ Conste 





on causes eclipses whilst its phasing determines the date for Easter Sunday 
ations can be used for navigation 





° Astronomy is one of the oldest sciences. 


Planet Earth Education is one of the UK's most popular and longest serving providers of distance 
learning Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively 
priced courses of the highest standards. Students may choose from five separate Astronomy courses, 


suitable for complete beginner through to GCSE and first-year university standard 





Planet Earth Education's courses may be started at any time of the year with students able to work at 
their own pace without deadlines. Each submitted assignment receives personal feedback from their tutor 
and as there are no classes to attend, students may study from the comfort of their own home 


Of paramount importance to us is the one-to-one contact students have with their tutor, who is readily 
available even outside of office hours. Our popularity has grown over several years with home educators 
pur courses for the education of their own children, many of whom have obtained recognised 
science qualifications at GCSE Astronomy level. With each successfully completed Planet Earth 
Education course, students receive a certificate 


usi 





Visit our website for a complete syllabus of each available course, along with all the necessary enrolment 
information. 





* Written by Jonathan O'Callaghan 
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Dwarf planet, planet, icy body: call it what -you 
will, it remains one of the most mysterious and 
fascinating worlds in the Solar System yet to be 
explored. And in July, more than eight decades 
since its discovery, we'll finally have some answers 
when the New Horizons spacecraft arrives at Pluto 
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Mission to Pluto 


mbitious missions ever 
t to reach its climax on 
ASA's Hori: 


the first spacecraft ever to perform a fly-by 


of Pluto. Decades in the making, this endeavour to 
plore one of the last uncharted worlds in our Solar 
‘omises to be one of humanity's greatest 
yration. 
ded in mystery - and of 
course Cc /hen New Horizons launched 
on 19 January 2006, Pluto still held its title as the 
ninth t lar System. That all changed 
in August of the same year, however, when the 
Internatior stronomical Union (IAU) made the 
decision to demote it to a dwarf planet following the 
discovery of a larger body, Eris, also beyond the orbit 


I'm embarra: for astronomy,” said Dr Alan 
Stern at the time, leader of the New Horizons mission 
and a scientist at the Southwest Research Institute. 
Less than five per cent of the world’s astronomers 
voted. It won't stand. It’s a farce. 

Dr Stern was under ably perturbed. He had 
been the driving force behind a mission to Pluto, 
In the Voyage! acecraft became the first 
spacecraft to visit Neptune and its largest moon 
Triton, itself thought to be a dwarf planet captured 
by Neptune and perhaps an analogue of Pluto, 
returning stunning images in the process. Dr Stern, 

ate student then involved with the Voyager 
programme, was so entranced by the mission that he 
formed a small advocacy group to propose a mission 
to Pluto. Around 26 years later, he will see the fruits 
of his labours. 

But Pluto's demotion does little to quell the 
excitement about th lission. The former planet 
was discovered in 1930 by the late American 
astronome! Je Tombaugh, some of whose ashes 
are on the New Horizons spacecraft in honour 


= 


New Horizons launched atop an Atlas V rocket on 19 
January 2006 and became the fastest spacecraft ever to 
leave Earth 
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New Horizons 


of his discovery. Our knowledge of Pluto remains 


very limited, however. While we know its orbital 





characteristics, size and so on, little is known of its 
surface or its composition. It is one of the last major 
destinations in our Solar System to be explored. 

What we do know is that it is about two-thirds 
the diameter of Earth's moon. It orbits the Sun every 
248 years at an average distance of about 5.9 billion 
kilometres (377 billion miles), in a region of the Solar 
System known as the Kuiper belt. This is a distant 
realm populated with thousands of small icy worlds 
that are thought to be remnants from the early 
Solar System. Therefore, Pluto represents a unique 
opportunity to study a rare class of objects that 
simply aren't found closer to Earth. 

Pluto is believed to have a thin atmosphere of 
nitroge 
and nitrogen ices are thought to give its surface a 


n above its surface, while both methane 





frosty coating, Its orbit is hugely elliptical though; it 
ranges from 49.3 astronomical units (AU) from the 
Sun (one AU is the distance from Earth to the Sun) 
to as close as 297 AU, which is closer even than 
Neptune. Indeed, from 1979 to 1999 it was within 
the orbit of Neptune, providing a rare opportunity to 





study it in finer detail. During its orbit its surface and 
atmosphere repeatedly freeze and thaw as it swings 
around the Sun. 

Of course there is still much that is not yet known 
about Pluto. What does its surface look like? Is it a flat 
world like Europa or a bumpier place like Enceladus? 
What are some of its defining features? How does it 
interact with its moons such as Charon? These and 
many more are questions that New Horizons will be 





aiming to answer when it arrives next year 
And it was these very questions that first piqued 
the interest of astronomers like Dr Stern and 
his colleague Dr John Spencer of the Southwest 
Research Institute. “Pluto gives us our first chance 
to explore a member of the ‘third zone’ of the Solar 
System, beyond the terrestrial and giant planets,” Dr 
Spencer tells All About Space. “Pluto is the 
of hundreds of thousands of worlds out there, quite 





gest 


different from anywhere we've explored before 
Quite how the New Horizons mission came to be 

is a story many years in the making. Originally NASA 

had considered sending the Voyager 1 spacecraft 

on a flyby of Pluto in the late Eighties. However, the 

mission was deemed too high a risk and Saturn's 


Journey to Pluto 










@ Mars 
7 April 2006 


@ Launch 
19 January 2006 
New 
Horizons 
launches on 
an Atlas V 
rocket and 
becomes 
the fastest 
spacecraft 
ever to 
leave 
Earth 
orbit. 








The spacecraft crosses 


the orbit of the fourth ve 
planet from the Sun. 








One of the clearest images we have of Pluto 
(left) and Charon. If Earth's moon orbited as 
tightly as Charon does to Pluto, it would be as 
big as an apple held at arms length in our sky 





“Pluto gives us our first chance to 
explore a member of the ‘third zone’ 
of the Solar System” Dr John Spencer 


moon Titan was deemed a more realistic and 
interesting target. Therefore the decision was made to 
not exercise the Pluto option. 

nanda 
handful of other young planetary scientists in 1989 

to successfully appeal to NASA to begin studying 

the possibility of a mission to Pluto, what would be 


This only served to motivate Dr Ste 





known as the Pluto-350 study 





The mission proposal began as a relatively simple 
four-instrument spacecraft weighing 350 kilograms 
(770 pounds), half that of the Voyager spacecraft 


but even this was considered controversial and high 








risk. A subsequent study considered the possibility of 





sending a spacecraft akin to Cassini in orbit around 
Satur. With it thi 


craft that would fly over Pluto. In 1992, however 





nuld carry a deployable secon: 


amid budget cuts at NASA the mission was deemed 
too costly 
What followed was nearly ten years of to-ing 


®@ Jupiter 
28 February 2007 
The craft 
passes 
Jupiter 
barely a 
year after 
launching 
The same 
journey 
took 
Voyager 1 


~~ 





as long. 





@ Saturn 


nearly twice 


and fro-ing as NASA toyed with several different 
proposals for a mission to Pluto, which the science 
community was clamouring for. NASA considered 
smaller missions with less instruments, non-nuclear 
missions with extended travel times, complicated 
spacecraft with detachable atmospheric probes and 
more, all to no avail. Dr Stern, who by this point 
was one of the main proponents for such a mission 
and involved with all corners of NASA in trying to 
get approval, even approached Russia and Europe 
to see if they would be interested in a multinational 
endeavour, but these talks came to nothing. 

Then, in 2001, a breakthrough came. Intense 
scientific and public pressure eventually convinced 
NASA Associate Administrator for Space Science Dr 
Edward Weiler to accept mission proposals for Pluto 
and Kuiper belt flyby missions, known as the Pluto: 
Kuiper Belt Announcement of Opportunity (PKB AO) 

The goals of the proposals were to design missions 
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2008 
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3 t @ Communication 
The spacecraft @ PEPSSI The high gain antenna (HGA) 
















: $ tn allows the spacecraft to 
A suite of instruments on board ie ibe communicate with Earth. At the 
New Horizons will enable it to erence iavestoaion distance of Pluto it takes more 

P Il stud than four hours to send a signal to 
study Pluto, Charon and possibly pected lata de ihdspacecrati 
other targets in great detail atmosphere. 7 


-—————— 
SWAP @ 


Pluto's interaction 
with the solar wind 


will be measured . @ REX 
using the Solar Wind The Radio Science 
Around Pluto (SWAP) Experiment (REX) will 
instrument. be used to measure 


the composition and 
temperature of Pluto 
and Charon. 


LORRI @ ————4 x 


The Long Range 
Reconnaissance Imager 
(LORRI) is a telescopic 

camera that will enable 
high-resolution images 
tovbe taken. It will also 

be used to map Pluto's 
far side after the flyby, 







@ spc ; 
The Student Dust Counter . 
(SDC), run by students ‘ 
as its name implies, is 
constantly measuring 
dust incident upon the 
spacecraft to see what it 

is encountering. 





@ Control 
The spacecraft can 
move in all three axes, 
= allowing it to move ® Power 
of Pluto and its moon = ees poset cifferant The spacecraft is 

Charon, in addition to any "3 St abel nuclear powered 

Kuiper belt objects that =a a by a radioisotope 

are spotted. thermoelectric 

generator (RTG). 





@ Uranus @ Neptune @ Pluto @ KBO @ Heliosphere 
18 March 2011 25 August 2014 14 July 2015 2016-2020 2038 


New Horizons took this shot on On this New Horizons will If still operational, 
its flyby of Neptune. . day New observe as-yet- New Horizons could 
Horizons unknown Kuiper belt study the edge of 
will be objects after Pluto. the Sun’s reach 
at its 
closest 
point to 
Pluto at 
1:49:59 
UTC. 
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The Plutonian a 


by by 2020, launching aboard 
stem 3 Atlas V or De rocket in a ne 
at do we know about this @ orbit 
j ; } j 7 It takes Pluto 248 years to go 
intnguing planet and its five around the Solar System in a highly 
known moons? elliptical orbit that begins 7.4 billion 


kilometres (4.6 billion miles) from 


1 2001, one of 1 was N Horizons 
the Sun and ends up 4.4 billion aaa Stern ‘through the Aneliec 
kilometres (2.7 billion miles) away, aeanied iy Deistent thioligu the Applied 

@ Charon’s surface within the orbit of Neptune. ysics Laboratory. On 6 June 2001 it was selected, 
It is thought that the Charonian F p t > COME 1g Jet Propulsion Laboratory's 
surface is covered in water-ice, Pluto and Outer Solar System Explorer (POSSE) 
and the moon is also believed ce) for $450,000 of further study 
to have no atmosphere. Its Pinaes a ibreifh econd proposal on 
formation was likely due to an : Septer om faced an anxious wait as 


impact on Pluto's icy surface, 
much like how scientists think 
Earth's Moon formed when a 


iately on 29 N 


ion of Planetary Science: 





New Orleans, he received a phone call 
Mare sicedl Cure HACC Paes Moons \SA informing him that New Horizons had 
Pluto has five known moons, although t s the sion that would go to Pluto. 
there may be others that have not yet ‘A win party was held on Bourbon Street that night 
been discovered. Charon is the largest in the leans French Quarter, but the details 
and also the closest, followed by Styx, remain understandabl y,” he wrote in ar 
Nix, Kerberos and Hydra in tight orbits. F z x 
over of the mission in a paper titled ‘The New 
Horizons Pluto Kuiper Belt Mission 
Big satellite es began the ment of a mission that 
At nearly half the size of Pluto Ww Ibitiot the least. Never before had 
and a ninth its mass, Charon is by uch a distant flyby been seriously considered, let 


far the largest of the five moons. BD . lone att ted. A plied Physics Laboratory 
’ warf planet alone attemr Applied Physics Laboratory 
It orbits at a distance of 19,600 Pluto is about 2,300 and the Southwest rch Institute, both of whom 


kilometres (12,180 miles) and is kilometres (1,400 miles) y 4 a mission, were viewed 
someteesFefered.o as being in dita, Waluich i tas as rookies of planetary missions, it was necessary to 
a double-object system with Pluto. thirds the size of the reduce the amount k in the spacecraft. So cost 
Moon and about half 
the width of the US. 












and schedule became of paramount importance. 
Atmosphere @ 
The gravity on Pluto is about six per cent that 
‘on Earth, which means its atmosphere extends 
much further in altitude than ours does. 


Mean le, numerou: 1 bout the 
Plutonian system continued to be made throughout 


New Horizons’ development, such as spotting new 


moons in orbit around the dwarf planet 


Rotation @ 

It takes six Earth days and nine hours 
for Pluto to complete one rotation. 
Interestingly its largest moon Charon 
is tidally locked and also takes six 
days and nine hours to orbit, which 

means it would always appear in the * 
same spot in the sky if you looked at 
it from the surface of Pluto. 


Mysterious feature @ ee is likely to be 
+ There are a number of mysteries about < Siecaes| wasteland. but it will 
i Pluto waiting to be solved, One of these alffiost cértamnly hi ea er ner 
includes a bright spot thatis unusually Bia lop sailed 
i. rich in carbon monoxide frost hear a = veda otis ate poaseny 
% pitch-black region on its surface that mountains as well. scientists have suggested that Pluto may 
\ will be a primé target for New Horizons: A ve more a“ n moons, or —— even a 
_ ring system, that could pose a threat to New 
s —— oo —— risced —_ 
. a . = Horizons as it flies past the planet. Computer 
: —_ ee = imulations have indicated that there may be 
a of small particles, perhaps icy material 
icircling the 
Seasons 
Because of Pluto's highly elliptical orbit it has 
long, dramatic seasons that alter its surface. kilome 
When furthest from the Sun its nitrogen 70 days 


atmosphere is thought to freeze, but when 
closer (which it will be when New Horizons 
observes it) the nitrogen frost sublimates to 
gas, forming a thin atmosphere. - 
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Is this what the surface of Pluto will look 
like? This artist's impression shows patches 
of methane on the surface, while the Sun is 
about 1,000 times fainter than on Earth 


Thisis SpaceshipOne, a 


small piece of which is 


being carried on board 


‘ 


Mission to Pluto 
ee 






Pluto 
Diameter: 2,360km 
(1.470mi) 


This montage of 
images from New 
Horizons shows 





Jupiter and its 


volcanic moon Io as 


the spacecraft flew by 
on 28 February 2007 


“Once funded, the biggest technical challenges 


have included designing a spacecraft that will operate 


reliably for nearly a decade of flight’, explains Dr 
Spencer, “and then flawlessly carry out its prime 
objective autonomously.” This is because at Pluto 
the round-trip journey time for light and therefore, 
communications, is more than eight hours. So the 
spacecraft must deal with any problems that arise 
during the flyby of Pluto without help from Earth. 

In total 2,500 individuals worked on the New 
Horizons mission throughout its development. 
Initially planned to launch in 2004, the decision 
was ultimately made to launch in early 2006. At 
the third countdown attempt, on 19 January 2006, 
the spacecraft took flight aboard an Atlas V rocket. 
nine years to the week after Pluto's discoverer Clyde 
Tombaugh had passed away. 

In order to reach Pluto in a reasonable time frame, 
the launch had to be the fastest in human history 
By the time it was out of Earth's atmosphere it was 
travelling at 58,536 kilometres (36,373 miles) per 
hour, 100 times faster than a jet plane. It passed the 
Moon in just nine hours - a journey that took the 
Apollo missions three days - and just 13 months after 
launch it reached Jupiter. It used the giant planet as a 
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Did you 
know? 


New Horizons is carrying a number of 
mementos on board. These include two US 
flags, a small piece of SpaceShipOne (the 
first private spacecraft) and some ashes 
of its discoverer Clyde Tombaugh 
~ the first human remains to 


gravitational journey into deep space. 


assist to get 
to Pluto, 
But now the 
spacecraft is entering its 
crucial mission phase and, as the final countdown 
to its arrival begins, the scientists involved are 
understandably excited. On 25 August 2014, New 
Horizons crossed the orbit of Neptune, its last major 
planetary crossing before reaching Pluto and on 29 





August mission engineers put the spacecraft back 
into hibernation. That amounts to approximately ten 
months of each year of its journey in hibernation, to 
save power and fuel. Not to say the spacecraft was 
left unattended as it hurtled through space: once 
each month engineers collected telemetry from the 
spacecraft to check its health and subsystems, while 
for two months each year thorough instrument 
calibrations and course corrections - if needed - were 
carried out 

On 6 December the spacecraft was woken 
from its intermittent slumber, and it will now stay 


























Charon 
Diameter: 1,207km (750mi) 
Distance from Pluto: 
19,600km (12,180mi) 


Nix 

Diameter: 46 to 136km 
(29 to 85mi) 

Distance from Pluto: 
48710km (30,270mi) 


Hydra 

Diameter: 60 to 168km 
(38 to 104mi) 
Distance from Pluto: 
64,750km (40,230mi) 





Kerberos 
Diameter: 13 to 34km 
(8 to 21mi) 
Distance from Pluto: 
59,000km (36,700mi) 


Styx 

Diameter: 10 to 25km 
6 to 16mi) 

Distance from Pluto: 
42,000km (26,100mi) 










New Horizons 








. + 
m : ’ +4 
The Kuiper belt, |, wy 
After Pluto, New Horizons will* * , 
*head even further into unknown* 
territory, as it attempts totracky ..* m . a 
down targets in the icy disc that @comae 
surrounds the Solar System + “Itis thought that the 
: belt. together with 
SE “the much more distant, * 
: @O6rt cloud, is the origin 
~ Of comets that enter the 
» Solar System. 


ee we lies. <a 
3 f Ueiaiedan: sce ge 

: ‘Shaped region Called 

_s'the Kuiper belt of. 


Which littleis known. = ot of “ 


——a 


Clyde William Tombaugh was born on 4 
February 1906 in Streator, Illinois. In early 


1930 he was using the Lowell Observatory in 
Arizona. He had been tasked with finding a 
theoretical world beyond the orbit of Neptune 
dubbed Planet X, the existence of which had 


been theori 
February 


| astronomers. On 18 


planet Pluto. While it was not the lar; 

X that had been hypothesised, Tombaugh’s 
find actually led to the discovery of the Kuiper 
belt, which some regard as a much more 
interesting discovery than a true ninth planet. 
Tombaugh died on 17 January 1997 in Las 
Cruces, New Mexico, and some of his ashes are 
being carried by New Horizons to Pluto. 

















>. 
7 
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+” 
@ New worlds’: # >" 
Incidigly there are 
‘ hundreds of objects». , 
Beyond Neptune’ some «+ Y 

+ in the Kuiper Belt, that * ‘ ? : 
have begnidenttiffedias~ ates 
possible dvgarf planets, ad 











After being selected as 4 mission, New 
Horizons was in development for more than 
four years before launching in early 2006 
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. : e 
—e Pluto in 
B Dwarf planets * 
To date several ° ° 
*| dwarf planets have. + 
been confirméd , 
currently poring 


as being in ornear 
] da y on Pluto 
Makemake. > ° through data to firid 


one or several Kuiper is equal to six days and nine hours on Earth 


belt objects (KBO) for 


New Hofizons to study q 
aftenit leaves Pluto. Pluto is only 


‘ + -° ° the 17th 
4 biggest object 


es " : h in the Solar 
4 . ‘ t System 
+ . : pio oC 


the Kuiper belt, a Target 
including Pluto,’ * Astronomers are 
Eris, Haumea,and 








4 “> . 
, x 2 A A va Pluto's surface gets as cold as -229°C (-380°F). 
By 3 r f You would weigh A year on 
a Pluto lasts 
: B Lar; 
» Ht ‘of thousands 
= of objects larger than 
100 kilometres (62 
miles) left over from | 
the birth of the Solar 
‘System may be lurking <8 Earth years 
in the Kuiper belt. Its gravity is 
Did 
you on Pluto if O 
know? you weighed O 
® 3 
Pluto's name, derived from the ruler of 80 kilograms 
the underworld in classical mythology on Earth as strong as on Earth 
was proposed by 11-year-old schoolgirl ; ; 
Venetia Burney from Oxford, Pluto is travelling around the Sun at 
England and unanimously voted 





for on 24 March 1930. 


awake for two years. This will include preparations orbiting in this cold, dark and far-flung region of the kilobyte) per second, Considering a basic broadband 
leading up to the arrival at the dwarf planet, the e connection today is at least 2,000 times faster than 
flyby operations themselves and of course sending r 2015 the encounter with Pluto will begin that, you can appreciate how much time it can take 
data back to Earth. Three 2ks after the flyby is d will last a total of about 200 days. This will to send a single image’ 

completed, the spacecraft will likely need to be include about 170 days leading up to the closest At closest approach, an instrument known as 
reoriented to head towards one or two other targets encoun! dwarf planet, which will tak Ralph will map Pluto and its moon Charon to 


in the Kuiper belt, which have yet to be picked as vew ance of just 10,000 kilometres resolutions of up to 250 metres (820 feet) per pixel 
targets for further study after Pluto. The race is on to hen a further 30 days as it drifts in scale, and while there another instrument called 


find a Kuiper belt object in the 30 to 55 kilometres away from Pluto. Sending all the data it collects to LORRI (Long Range Reconnaissance Imager) will 
(19 to 34 miles) range, for New Horizons to visit th, however, will take from four to nine months create maps with an even higher resolution - a 
Doing so could provide a fascinating insight into only s scale of just 50 metres (164 feet) per pixel. This is 
some of the objects and potential new worlds c fe a stunning amount of detail that will reveal a huge 


www.spaceanswers.com 23 


New Horizons 










What will we find in Pluto's 
mysterious dark regions? 


‘~~ Unanswered 
) Pluto questions 


ay? 


How many moons 
does it have? 


Five moons have been discovered around 
Pluto so far but it is thought that it may have 
more, The latest moon to be found, Styx, 
was not discovered until June 2012. As New 
Horizons gets closer, and ultimately flies’by, 
it will be able to discem if there are other 
small moons. 


What is on its surface? 


Scientists have a vague idea of the dwarf planet's 
surface. They expect it to have a rocky and icy 
composition, but what exactly makes up the 
planet is somewhat of a mystery. On its surface is 
a contrast of bright and dark regions; what these 
are exactly will be a cause of great interest. 













Where did it 
come from? 


Pluto is odd; whereas other planets 
in our Solar System orbit in a 
mostly flat plane, Pluto's highly 
elliptical orbit is at an angle'to the 





= rest of the planets. How it came to 
be in this orbit, perhaps migrating 
from much further away, is a 
question that even New Horizons 
may not be able to answer. 
This is the best real image 
of Pluto that we have so far, 7 
taken by Hubble in 1996 


bodies like it? 
What does it look like? Pluto is thought to be one of many 


It's. amazing to think there is an object as other similar bodies in the Kuiper belt. 

large as Pluto in the Solar System that we These objects formed in the early Solar 

know so little about but, frarikly, scientists System, and studying them could provide - 

still don’t know exactly what it looks like. Our invaluable information on the history of 

best guess so far is that it's like Neptune's . the Sun, planets and more. The race is It's likel¥ that there are more 
moon Triton, but that could all change when on, though, to find Kuiper belt objects for objects like Pluto in the Kuiper belt 
New Horizons starts snapping pictures. New Horizons to explore after Pluto. that we haven't spotted yet 


array of features on both Plut haron. Plut ined, ex will see at vccdwaltbe ond 
atmosphere will also be intricately studied, whi Pluto is still up for debate i rised er the Pluto mi 
attempt nade to see 
atmosphere around Charon. 

After the closest approach tc , New Hor v d 2 me a , alt, some " t = = 

ill round on its t n at a distance of aS V . sast three i f romises to be one of the most incredible space 
kilometres (16, 47 About 36 frost irfas h thin coger si t n the nict of Pluto 
minut 


portunity t ntly h the met land but ona 


the Sun's light intere ith the planet And wt New izons missior after much lar It n more than eight decades 


Around 85 minutes later it will repeat eactly the 2 PI C as interest y since F as discover ye finally 


manoeuvre with Charon. 1 rrently trying to find Kuiper know exactly what sort of Id Clyde Tombaugh 
But s ities fairly wel belt ot i V e fe those 
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951 Gaspra 


Dimensions; 18.2 x 10.5 x 8.9km 
Date discovered: 1916 
Visited by: Galileo spacecraft 
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®19P/Borrelly 
Dimensions: 8 x 4x 4km 
Date discovered: 1904 
Visited by: Deep Space 1 


ae 


Can we visit asteroids? 


81P/ 2 


Dimensions: 5.5 x 4.0 x 3.3km 
Date discovered: 1978 
Visited by: Stardust 


1P/Halley @ 

Dimensions: 16 x 8 x 8km 
Date discovered: Prehistoric 9P/Tempel1@ == 
Visited by: Vega 1 Dimensions: 









7.6 x4.9km 
Date discovered: = 
1867. 22 
Visited by: 2 = 
Impact == 
Fi 
2 








Europe's £800 million observatory aims to study massive | 
~. >». black holes, to’see why'the universe looks the way it does: 














The focal length of the — 
* lenses requires a fixed, 
+ 12m (39ft) long barrel. |, 


: 


Axis stabilisation 
ATHENA can point itself at 





*._ targets with 0.0004? accuracy 
. . and redirect to’new targets ~ 
© Sunshield it withinfourhours. * ~ 
Shown,stawed a 
here, thisextends + * 
» toshield one side 
of the telescope. ° 
from solar X-rays. + 





. 
. 
' 
. “ ” a 
Ws Vel ® Solar panels . 
o +06 A . These unfold after launch to 
ee af Ol ain? Weer, Bee, he . ae “+ * provide 2.5kW of power for * 


+ the electronics. 


“We still don't know howmuch- .. .- 
energy black holes ea a beyond 
. their. galaxy, or how today’s black ° 
» holes fuel: themselves”: - - oer 


















@ Movable Mirror 
Assembly 
Silicon-pore optics focus the 
X-rays onto the scientific 
instruments at the other end. 


@ Wide Field Imager 


Can see an arc of sky 0.7° 
wide, compared with just 
- 0.08° for the X-IFU. 


/ = 


- 


J RO 








@ X-IFU 
The X-ray Integral 
Field Unit measures 
the distribution of 
wavelengths. It is 
housed in a cryogenic 
chamber to eliminate 
thermal noise. 








\ 
~ 
> Nz 








ES 


a 
h <-Vv 


yi | fae Sota \\\ \S 
aarve 9 es . \d 
STATI 


s www.spac 
. 
w ' eh 




















10 cosmic record breakers 


1 Biggest star 


ly difficult to measure with 
accuracy, so the title of biggest star is often contested. One of the biggest kn 





The diameters of the largest stars are notoriou: 





own 
stars in the universe is NML Cygni, a red hypergiant located in the Cygnus 
constellation, about 5,300 light years from Earth. It has a radius more than 1,500 
s (1,426,000,000 





times greater than our Sun, at about 2,295,000,000 kilom 





miles), and a volume of about 4.5 billion times that of our Sun. It is so large that if it 
were at the centre of our Solar System, it would extend beyond the orbit of Jupiter. 





2 Darkest 
place 


The universe is full of 





but also 
some very dark places. The darkest 


re|;:snns ‘It iS SO large that if it were 
ee! at the centre of the Solar 

System, it would extend 
eres beyond the orbit of Jupiter” 
70,000 Suns. Astronomers believe 


that out of this darkness, there will Rho Cassiopeiae @ 
soon be light - the light of ‘Star type: Yellow hypergiant 
incredibly bright, young stars. Solar radi: 400-500 





telescope. It's made of incredibly 
dense gas and dust, so dense that 
an area with a diameter of about 50 


Soe a Pistol Star ® ——— 


Star type: Blue hypergiant 
Solar radii: 306 


Sun 
Star type: Yellow dwarf 
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& Biggest - 
supemova 


Although the supernova SN 2005ap (which was 
discovered around the same time) was somewhat 
brighter, it dimmed after just a few days, while SN 
2006gy continued to glow for many months. It may 
have happened because of a'very large stardeath,.» 

with at least 150 masses, while \ 

Tonomers believe that it is theresult of a'pair- 


This’supernova, sometimes called a hypernova, was 
discovered in September 2006. It is one of the biggest 
and brightest supérnovas ever recordéd and occurred 
in a distant galaxy (NGC 1260) approximately 238 
aillion light years ago. It peaked at a luminosity, or 
brightness, equal to that of 50 billion Suns and the 
energy release was the equivalent ofexploding about 44 
24,000 septillion megatons of TNT. There have been 
bigger events than this in the past, but nothing tops 

this supernova in recent recorded history. 









death, one with at 


4 Fastest object 


Speed of light Bimiles/sec) 
Although most of the universe is : 
moving away from us as it expands, Ultra-high energy cosmic rays 
scientists believe that at least one 
star cluster may be rushing towards Fastest object in space - Messier 87 ejection ami 


us thanks to a black hole. Light from 
distant objects usually stretches to 
ted wavelengths, known as a redshift. 
In this case, the object seems to have 
blueshifted. Blueshifts happen, but 
they've never happened at such an 
extreme velocity: 1,026 kilometres 
(638 miles) per hour. This star cluster 
is moving towards us from Messier 87, 
a supergiant elliptical galaxy which is 
believed to have a supermassive black 
hole at its core. 


Fastest Earth slingshot - Juno spacecraft 


Fastest train - Japanese JR-Maglev 


egrine f: 
ee ei 


32 


It may have been aye! 


re 


Ty 


. inktability-hypemcva. This‘Sccurs when the gamma 
rays produced in’a massive star’s core become so 
energetic that theif energy drains into producing 
particle and antti-paftiole pairs. The pressure in the 
Star then drops very quickly, follgwed by arapid 
collapse apel a violent explosion. spewing we and - 


ety large st. 
t 150 solar 
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Peregrine Falcon 

The cheetah can claim the fastest land 
mammal speed, but the record for 
the fastest animal overall belongs to 
the peregrine falcon. It reaches its top 
speed during its hunting dives as it 
feeds on smaller birds such as doves. 
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What 
if it had 
etter ee 


Eta Carinae, a hypergiant star similar in size to SN 
2006gy, is just 7,500 light years away. If it went 
supernova, the light would be about a billion times 
brighter because it is so much closer to us. We 
would see it during the daytime and at night 
it would be bright enough to read by. In 
general, only supernovas within about 
30 light years of Earth pose a 
significant threat 








GRB O80916C SN 2006gy Mount Tambora Tsar Bomba Tunguska event 

Explosive power: Explosive power eruption Explosive power: Explosive power: 

Equal to 2 x 1038 Equal to 2.4 x 10° Explosive power: 57 megatons of TNT Equal to 10 to 15 

megatons of TNT megatons of TNT Equal to 800 The most powerful megatons of TNT 

The biggest known explosion might be This GRB (gamma: Some astronauts megatons of TNT man-made explosion An explosion above 
considered the Bang, but because it ray burst) occurred believe that This volcano erupted was a hydrogen the Tunguska region 
sad of about 12.2 billion SN 200 in Sambawa, mb detonated by in Russia, 1908, was 

light years aw: d Indonesia in early Russia in 1961. It sent believed to be the 

iarie April 1815 and was a mushroom cloud result of a massi 

Ne rd 2,600km 9mi) into thi asteroid air burst. It 
Instead, those honours ch lo ving into a ty (1,600mi) away in _ air. The blast damaged flattened a 2,000km2 
Bethicertaln space ~~ ge GRB retical star called Sumatra. Its ash cloud _ buildings over 600km (772mi2) area 


phenomena. Our a quark st blocked the Sun. (370mi) away of trees. 


was space itself expand: 
matter rapidly movir 


not everyone considere 


biggest man-made 
explosions are tiny in 
comparison to nature. 





= r . Ultra-high-energy cosmic rays > 
\ x Ultra-high-energy cosmic rays originate 
e outside of our Solar System, likely in a = 
collision of galaxy clusters. Although they 
mainly comprise high-energy radiation, 
UHECRs also contain actual matter in : 
(87,000mph) the form of tiny protons. They slam into y 
a gravity slings! Earth's atmosphere and travel justslightly pp / 
around Earth in under the speed of light. Y 
2013... e 
4 
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Neutron stars are the densest 
observed objects in the universe. 
They are what remains after a 
massive star runs out of fuel, 
collapses and goes supernova. They're 
the smallest and densest stars in 

the universe; they can have a radius 
of just 12 kilometres (six miles) but 

a mass that is one or two times 

that of the Sun. The matter within 

is so incredibly dense that just a 
teaspoonful of it would weigh over a 
billion tons on Earth. 

The neutron star LE 2259+586 is a 
magnetar, a special kind of star that 
produces high energy pulses and 
has a very powerful magnetic field a 
trillion times stronger than Earth's. 
Found about 10,000 light years away 
toward the constellation Cassiopeia, 
1E 2259+586 has been found to be 
slowing in its spin. Neutron stars can 
spin up to 43,000 times per minute, 
with the occasional increase of speed 
called a ‘glitch’. But 1E 2259*586 has 
what scientists have dubbed an ‘anti: 








glitch’, a sudden decrease of speed. 
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The magnetar 1E 2259+586 is a 
bright blue-white in this false- 
colour X-ray image of the CTB 109 
supernova remnant 


Space is a vacuum, so there's no 


air to conduct sound. But the 








noise in space, of sorts; it exists as 


pa 


electron tic vibrations. NASA uses 





such as plasma wave antennae 


yyager 1 to 





on space probes lik 
record and translate their frequencies 
sounds 





into audio to humans, Th 
recorded are interactions between 
layers of F 

NASA 





ma and solar wind. 





ntly rele 





sed some space 





recordings, including those of our 





Sun. Tr is a deep, rh ic bass 


along with constant humming in the 











background, at different frequencies. 
If there were air to conduct the sound 
and we could get close enough to hear 
it, the Sun would be very loud, at an 





estimated 300 decibels (dB), That's 


more than twice the threshold of pain 





By the time the sound reached us on 
Earth 
lower at 125 decibels, but still painful 
to our ears. Stars putting out even 
more energy would theoretically be 
even louder (up close) and those that 





ugh, it would be significantly 














lives in huge supernovas 
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PSR B1620-26 b 

Astronomers long debated the nature of what appeared to be a planet orbiting 
the pulsar PSR B1620-26 A in the Scorpius constellation. In 2003, the’ Hubble 
Space Telescope confirmed not only that the object is a planet, but also that it 
is one of the oldest known planets ever identified. Dubbed PSR B1620-26 b, it is 
located about 12,400 light years away and has a record-setting estimated age of 
12.7 billion years old. It has also been unofficially called ‘Methuselah’, after the 
oldest man in the Bible. In contrast, Earth is about 4.54 billion years old. 

PSR B1620-26 b actually orbits a pair of stars, the pulsar as well as the white 
dwarf WD B1620-26. It is thought to take about 100 years to orbit the system. 
PSR B1620-26 b has a mass about 2.5 times greater than Jupiter and likely first 
formed around the star that became the white dwarf before both were sucked 
in by the other star. 
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Oldest 
tentially 
itable 
planet 


PSR B1620-26 b isn’t habitable, 
but in June 2014 astronomers 
announced the discovery of 
Kapteyn b, located only 13 light 
years from Earth and a new 
exoplanet candidate. Kapteyn b 
is estimated to be more than two 
and a half times older than Earth 
at about 11.5 billion years old. It's 
also probably five times more 
massjve than Earth, and it lies in 
the habitable zone of its star, a 
red dwarf called Kapteyn’s star. 


Taken during the Hubble Space 
Telescope CANDELS survey, this image 
shows z8_GND_5296. Its red colour 
indicates that it’s a very distant galaxy 


Furthest 


disc 
296, currently the furthest 
kn xy with a definitively 
measur tance. It I 
current distance of 30 gigalight-years 
(30 billion light years), and the light 
from this galaxy took about 13.1 billion 
years to reach us. 
It was discovered by astronomers 
using the MOSFIRE infrarec 
it the W.M. Keck 
vatory in Hawaii. The te: 
in on 43 remote 
found during a previous 
icted by the Hubble Space 
Telescope. They searched for the 
Lyman-alpha emission line, a radiation 
signatu: ted by excited hydrogen 
atoms, and detected it coming from 
ND. 6 is signature indicates 
that it F 
(how far its wavelength had move 
towards the red end of the light 
spectrum). Measured at 751, the 
redshift made it 40 million ye 
than the previous record holder, a 
galaxy with a redshift o! 
Astronomers belie 
formed 700 million years after the Big 


8 GND 5. 


Bang, making it the oldest and most 
distant galaxy verified. It also produc 
stars at an extraordinarily fast rate, 
about 100 times faster than the Milky 


Way is producing stars. 
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Future Tech The comet hitchhiker 


How we could use comets to hiteh rides ire) 
furthest reaches of the Solar System °., 


The idea of firing a tether at a comet from a passing 
spacecraft to gain velocity has been considered 

in the past, but this new concept put forward by 
Masahiro Ono at the Jet Propulsion Laboratory takes 
it a step further. Instead of using a fixed length 
tether, he proposes the use of a tether that can be 
reeled in or out, once it is attached to a comet or 
Kuiper belt object (KBO). 

Using the fixed tether method there are three 
main phases to the procedure. First, when the 
spacecraft is in range it fires a tethered harpoon at 
a comet. Second, the motion of the comet whirls 
the spacecraft around the comet and last, at the 
right moment the spacecraft releases the tether to 
slingshot it with renewed force on a different caurse. 

Gravity assist is a procedure usually employed 
by spacecraft to slingshot them to Mars or other 
planets in the outer Solar System. The spacecraft 
uses one or more planets that havea strong enough 
gravitational force to affect its trajectory, without the 
need for a tether. 

Unlike the fixed tether method or using gravity 
assist, the comet hitchhiker concept can be used 
to match the velocity of the comet and as a 
‘consequence it will enable the space vehicle to orbit 
the celestial body, or land on it without the need to 
use any fuel. 

When the spacecraft is close enough to a comet 
it uses a harpoon to fire a carbon nanotube (CNT) 
tether at the target. The tether is then allowed to reel 
out as the comet moves away, and a regenerative 
brake is applied to gain up to five times the 









© Hitching a lift 
By tethering toa 
comet, Haumea, a 
dwarf planet in the 
Kuiper belt, could be 
reached in 8.8 years, 
covering a distance 
of 50.8 AU. Flights to 
other objects in the 
Kuiper belt would take 
from 5.1 to 8.7 years. 








acceleration of Earth's gravjty, enabling it to ha 
energy for its battery units. Masahiro.comp 
toa fisherman in a boat applying a'slight tension to 
his line when a fish is hooked, which will pull the 
boat at a moderate acceleration towards the fislt 
The spacecraft can reel itself to the comet to make 
a soft landing on its surface; or it cay put itinto - 9 * 
orbit around the comet. Alternatively, it can use the 
stored energy harvested when it is reéled towards > 
the object to accelerate away from it, detach the 
tether and slingshot itself to a target further out in 
the Solar System. < ¢ 
Another advantage.of this concept, is that it can, 
be used to produce energy in the outer Solar System 
where solar panels are not viable, because of weaker 
sunlight. Using the regenerative braking system, 
enough energy to power a 1kW instrument for 290 4, 
days can be produced by a 1,814-kilogram (4,000- © 
pound) comet hitchhiker spacecraft. If battery 
storage systems improve, this amount of energy . 
could be stored in 500 kilograms (1,100 pounds) of 
mass, giving it the same energy density as petrol. 
Given the vast number of comets and other small 
bodies in the Solar System that have an incredible 
range of velocities and orbital characteristics, there 
are certainly plenty of options to exploit with this 
type of spacecraft. 
Using technology that isn’t too far beyond our 
current capabilities, the comet hitchhiker concept 
would help fulfil NASA's strategic goals of finding 
out more about the content, origin and evolution of 
the Solar System. @ 


















































“It's like ae 
fisherman in his 
boat, applying 
slight tension to 
his line when a 
fish is hooked” 











H instruments and equipment. 
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@ Launch 
When a suitable comet is 
targeted, the spacecraft is 
launched at a speed of 11.2km/s 
(40,320km/h, 25,054mph) to 
gain escape velocity from the 


Earth's gravitational pull. l 






fendezvous 

When in range the 
spacecraft fires 
tether at comet. Uses 
regenerative brake 
to harvest energy as 
the craft reels itself 
towards the target. 


Non-gravitational @ 
slingshot 
Another alternative is for 
the craft to harvest energy 
approaching the 










Landing @ 
The craft can make a soft fe gisertsaedber 
landing on the comet, using i from it and release 
the harvested energy to power the tether to pass 


the comet. 





@ Travel time 
Travelling at a speed of 
5.5km/s (3.4mi/s) the 
spacecraft would take 
four months to reach a 
comet at a distance of 
0.5 astronomical units 
(AU) from the Earth. 
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To ensure the long-term 
survival of the human 
race we will one day need 
to colonise the stars. Will 
-these be the technologies 
that make it possible? 


Written by Jonathan O'Callaghan 






Discussing space colonies, let alone seriously 
considering them, can seem a bit fanciful at first, 
if not downright ridiculous. After all, there is still 
ample room for humanity on planet Earth. Most 
people are seeing an overall increase in the quality 
of life which doesn't look like abating. Why, then, 
would we consider leaving the only home world 
we've ever known? 

Consider, for starters, that by the middle of 
this century most expect Earth's population to be 
approaching the 10 billion mark. That ample room 
may not seem so ‘ample’ any more by then. Our 
resources are also not infinite; we will one day run 
out of oil, coal and certain metals. And the threat 
of a civilisation-ending event is ever-present, be it 
an unseen asteroid like the one that wiped out the 
dinosaurs or a disaster of our own creation. 

Humanity will one day, for one reason or another, 
need to leave planet Earth if it is to survive. So 
why should we not begin the development of 
technologies that might enable us to do so now, 
as we begin to find our feet in the realm of space 
exploration? From Moon bases to orbiting outposts 
to colonies on Mars, there is no shortage of 
proposals for ways we could begin to inhabit other 
regions in the Solar System. We are limited by the 
means in which we can access space, namely using 
rockets for now, but even that has not stopped us 
landing on the Moon and building a small space 
colony - the ISS - to date. 
On 12 July 2006 a Russian Dnepr rocket, essentially 
a refurbished ballistic missile, launched into orbit 
from a remote town near Russia's southern border 


called Yasny. Although it was the first launch of a 
Dnepr-l as a space rocket, it would likely have gone 
mostly unnoticed had it not been for its rather 
unique payload: Genesis 1. Designed and built by 
Bigelow Aerospace in Nevada, this satellite began 
its life not much bigger than a person, but it would 
be difficult to downplay its significance. From this 
nondescript town in Russia, the beginnings of 
humanity's serious attempt to colonise the cosmos 
had begun. 

This wasn't just any regular satellite; it was a 
specially designed module launched in a compact 
form as a precursor to fully fledged space hotels. 
Upon reaching orbit it was purposefully pumped 
full of gas, expanding in size to that of a large car 
in just ten minutes. The experimental module was 
designed to prove that, in the future, we wouldn't 
need to launch entire modules or structures like on 
the International Space Station. We could launch 
them folded up before inflating them in orbit at 
a reasonable cost. It served as proof that space 
tourism, and space colonisation, was possible. 

Tourism is regarded as being a key aspect for 
any future space initiatives. The money that might 
become available would not be enough to sustain 
future colonies on their own, but it would provide 
the initial cash injection needed to build the other 
technologies needed to live in space. “A tourist 
market is potentially profitable and can spur the 
development of launch vehicles, habitats and life 
support,” space settlement expert and NASA contract 
scientist Dr Al Globus tells All About Space. And 
he's right. If we are ever to truly colonise the cosmos, 


Space colonies 
==  °} 


most view space tourism as a key stepping stone to 
making it financially viable. 

If, one day, we get to live among the stars, it 
will not have been an easy ride. Actually getting 
into orbit is hard enough, let alone permanently 
living there. However, there are many experts, 
agencies and organisations that are of the belief 
that living in space is not only a possibility, but a 
necessity. Whether it's a lack of resources on Earth 
or the potential for a planet-wide disaster, there is 
a growing belief that if humanity is to survive long 
into the future, it will not be enough to simply exist 
on Earth. 

“Life completely covers our planet, but is alone in 
the Solar System and possibly in the universe,” says 
Dr Globus. “We inhabit a thin layer on the third rock 
from the Sun, and that makes civilisation, humanity 
and life itself vulnerable. Space settlement can end 
that vulnerability by expanding throughout the 
Solar System and, in the very long term, 
to the stars.” - 

But as Dr Globus points out, the single biggest 
obstacle to colonising space is the cost of escaping 
our planet. Launching rockets is not cheap - it 
costs thousands of dollars just to get a kilogram 
of anything into space, and that's assuming you 
already have a rocket ready to launch. Thankfully 
companies like SpaceX are rapidly bringing the cost 
of launching equipment to orbit down, and it has 
once again got people dreaming of building 
colonies in space. 

In the modern day we already have a colony of 
sorts in orbit; humans are constantly flying round 





Space colonies 


our planet in the ISS at any one time. Of course the 

cost, and time taken to build the ISS, was enormous. 
It required dozens of rocket launches, approximately 
£64 billion ($100 billion) and decades of construction 


just to get it finished. It is unlikely any nation will 


want to attempt such a long and costly endeavour 





again any time soon. 

So lookir 
that we again look to our | 
the Moon, 
ha 





) the near-future, it has been si 





t natural sate! 





s a potential source for colonisation. We 


», after all, been there before and in cosmic terms 
it's just a stone's throw ay. NASA has hir 
beyond the retirement of the ISS in the 2020: 












might seek to build a ‘gateway’ space station in orbit 


around Moon, to be used by astronauts on their 
ay to further destinations. 
Others like ESA have alre: 


ambitious designs to build at 
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Using robots they say it might be possible t 
entire de: on the lunar surface, perhaps usin; 
material from the Moon itse build 
lly getting I 








ictures. In 
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Jans permani 
w Earth orbit, colonising the Moon is 





by far our best bet for now 








The Moon is a potentially important source of 
materials with which to constr ace settlements, 
explains Dr Globus. “One can imagine gigar D 

printers ‘printing’ entire space settlements, but that 





will take a bit of technology development 





Dr Globus also points out a key difference he sees 
between building a base on the Moon to be inhabited 


by workers, and a settlement to be inhabited by 





regular people. “You go to a base to work. You go toa 
it to live,” he stat 
the M 


ily begin as a scientific outp< 





hotel to play. You go to a settlen 
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Self-replicating 


In Star Trek characters were often shown 
ordering food and other objects from replicator 





h used y to make almost 


machines, whi e 
anything you wanted. Today in the 
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© Spacesuits 

The Apollo spacesuits 
were workable, but 
clunky. Astronauts often 
fell over or lost their 
footing. Future spacesuits, 
therefore, will need to be 
much more versatile with 
joints and easier access to 
make sorties on the Moon 
more manageable. 


© Communications 
It might seem trivial but 
communications to and 
from Earth, and to any 
orbiting outposts, will 

be key for future space 
settlements. To report 
problems or request 
supplies, a permanent 
communications network 
will be a necessity. 


® Food 

Growing crops on the 
Moon will be difficult, 
but not impossible. It 
has already been proven 
that crops can be grown 
on the ISS. A future lunar 
colony will certainly need 
enclosed greenhouses in 
order to remain partially 
self-sufficient. 


© Solar panels 
While nuclear fusion may 
be the breakthrough in 
power we need, solar 
panels will still have their 
place. After all, the Sun 
is a renewable source of 
energy that will not run 
out - for 4.5 billion years 
at least. 


® Recycling 

On the ISS almost all of 
the water, including urine, 
is recycled to ensure 

the station doesn't need 
constant resupplies of 
oxygen and water. The 
same level of recycling 
will likely be needed on 
the Moon. 


8© Inflatable habitats 
Using inflatable modules 
on the Moon could 

ensure that the launch 
requirements to get there 
are kept low, and the cost 
of actually getting things 
to the surface could also 
be reduced. 


POWET 30:2: sion 


For a future lunar base solar power 
alone m: 1ot be enough. One 
solution i lear fusion, the same 
hod o} gy the Sun produces at 


its core. L 


a powerful laser system 


National Ignition Facility (NIF) in 


California can create the pellet of fuel 
seen in attached image, which is 
capable of pc ing an entire home. 

Perhaps this will be the fuel of choice 


for futur ace missions. 





Space colonies 


“The Moon is a potentially 
important source of 
materials with which to 
construct space settlements” 


Dr AlGlobus 





Space colonies 


live out the of their days i 








The colonisation of the Moon w 
step towards building space colonies. Some have 
‘ed that NASA, before attempting its ambitious 








although plausible) attempt to land humans or 
Mars in the 2030s, should ¢ 
interim base on the Moon 





mnsider first builc 





e cost of gett 
space can be greatly reduced, akin to paying for a 


flight to a distant city on Earth, and the techn 
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towns and cities in orbit. And this will not 
sign like the ISS. In decac 
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people live out their lives in similar conditions to 
don Earth. 
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deteriorate in a low-gravity environment, like they do 
on the ISS, This would truly enable humans to travel 
to and from a space colony just like they do cities on 


Earth, In an ideal scenario the cylinder would be the 








> of a large building or even a skyscraper on Ea 


with all the amenities that would be expected from a 





ground-based settlement 


It's a place to live in space” explains Dr Globus on 





the benefits of such a colony. “It provides atmosphere, 








gravity suitat 
children - not to 


water, food, she 





ter and pseud 





for people to live and raise t 
mention have a good life. 





There are many steps that must first be taker 





before such a colony becom lity. The rise in 








the private space industry one is important 





it provides r ans to access space. Aside from 


SpaceX there is the Orbital Sciences Corporation, 
rockets in Octot 


which dramatically lost one of 
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@ Radiation 
shielding 

Space explorers not 

only have the Sun’s rays 
to contend with, but 

also cosmic rays from 
elsewhere in the universe 
that can be harmful, if not 
fatal. Any future space 
colony will need sufficient 
shielding, likely a layer 

of water, to keep people 
protected. 


@ Artificial gravity 

A Stanford Torus will be a 
spinning space station that 
supplies Earth-like gravity 
conditions thanks to the 
centrifugal force. A plan to 
test a centrifuge on the ISS 
was scrapped in 2005, but 
there are hopes plans to 
test the technology again 
will be made soon. 


a Docking 

Currently on the ISS there 
exists an International 
Docking Standard which 
allows any spacecraft to 
attach to the ISS if it has 
the right docking module. 
Ina future Stanford 
Torus the centre, as it 
does not rotate, will be 
at zero-gravity - the 
ideal place for spacecraft 
to dock, perhaps also 
using a universal docking 
standard. 


will be use 
into space, but they are 
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] Composition 

A future orbiting space 
colony will need to be 
made of something sturdy 
enough to cope with the 
pressures of rotation and 
micro-meteoroid impacts. 
A “miracle” material like 
graphene that is both light 
and strong might provide 
the specific composition 
required. 


@ Agriculture 

Like a colony on the 
Moon, learning how to 
grow crops in space will 
be essential for a space 
colony. Current research 
‘on the ISS will provide 
the know-how needed to 
make this possible. 


® Mining the Moon 
Perhaps aside from 
mining asteroids, getting 
resources from the Moon 
might also be appealing 
for a future space colony. 
Space guns on the Moon 
could almost literally 
“fire” cargo-containing 
spacecraft to the space 
colony in Earth orbit. 
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For any future space colony, resources will 
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salle | Essential 
technology 


Replication 


“A 3D printer has now been installed on the 
ISS. This is the first step towards space colonies 
being able to create their own tools and 
equipment, and ultimately entire structures.” 


Private space 


“Within the next ten years | expect to see 
multiple privately owned, commercially 
operated space stations. The primary customers 
| expect to be government space programmes.” 


Space hotels 


Using inflatable modules to build space hotels 
will enable people on Earth to pay for trips to 
space, truly beginning the era of space tourism 
and providing funds for space colonisation 


Larger hotels 


“In 15 to 30 years | expect hotels to get larger, 
more numerous and provide fresh food grown 
on board, Perhaps this will be achieved by 
making affordable spaceplanes.” 


Retirement homes 


“In 30 to 50 years | expect the development 
of space retirement homes, basically hotels 
intended for permanent residents. | expect 
these homes to rotate slowly.” 


First space settlement 


“The first true space settlement... will need 
some other form of radiation shielding - maybe 
using magnetic coils.” 


First inhabited settlement 


“If all goes to plan, around this time we may see 
the finished construction of the first colony in 
space. | expect the first [space settlement] to 
be inhabited by around [2085].” 


Multiple settlements 


“l expect many new settlements to be built... 2 
to provide a market for lunar and asteroidal 
materials that will enable settlements above 
Earth's magnetic field.” 





Space colonisation 





“100 years from now | expect a few tens of 
thousands of people to be living in space.” 5 
2 
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Focus on Goodbye Venus Express 





Gererelayve 


AV/sial bts 
E.xpress 


The ESA orbiter is 
finally lost in the thick 
atmosphere of Earth's 
nearby neighbour 


After eight years in orbit, the European Space 
Agency's Venus Express spacecraft finally burned 
through its fuel and succumbed to the dense 
atmosphere of Venus. Having been launched in 
November 2005 and arrived at Venus in April 2006, ik 
it has far exceeded the duration of its planned, 500- 
day primary mission and has gone on to be tasked 
with three mission extensions. Among its scientific 
achievements, Venus Express found evidence for 4 
past oceans, confirmed lightning on the planet and \ 
discovered an enormous double atmospheric vortex ' 
at Venus's south pole. 

With the spacecraft's propellant rapidly running 
dry in mid-2014, the Venus Express team used the 
remainder of its fuel to embark on a series of dips 
deeper into the Venusian atmosphere than ever 
before. It effectively surfed at low altitudes before 
using a thruster burn to pop back up as high as 460 
kilometres (286 miles) again. Finally, contact was 
lost on 28 November and only a partial link could be 
re-established. The mission was considered beyond 
recovery on 16 December, although ESA funding for 
this final phase continued to the end of 2014.8 








www.spaceanswers.com 


Goodbye Venus Express 









* A ie stats. a6 a: billion; pixel camér 
space telescope Gaia is Scanning the skies fo. 
make a'vast 3D. map of the ee Re 


. Weitten'by: David Crookes" oh oh: 


52 3 we oe SLE = Zi Be ‘www.spaceanswers.com 


www.spaceanswers.com 


Mapping the Milky Way 


There are 100 billion stars in our galaxy but, to date, 
astronomers have only catalog tiny fraction of 
them, Using a satellite called Hipparcos launched 
by the European Space Agency (ESA) over 20 years 
ago, the position of celestial objects in the sky were 
1 red 200 times more accurately than ever 
before. But before that mission had even come to an 
end, ESA’s scientists cussing the next step. 
In 1992, the idea of launching a technically superior 
spacecraft capable of mapping - literally - a million 
times more of the Milky Way than ever before w 
floated. This would eventually become the Gaia 
mission, the most ambitious plan to map our galaxy 
that has ever got off the ground 
Gaia was launched in December 2013 via a Russian 
Soyuz/ST rocket from Kourou, French Guiana, and 
its goal is to create an accurate 3D map of the Milky 
Way by plotting the positions of a billion stars, the 
equivalent of one per cent of the universe. As well as 
being ab collect more than 30 times the light of 
Hipparcos, its reach will extend beyond the galactic 
centre with measurements that will have an accuracy 
200 times greater than Hipparcos able to achieve. 
Asa result, it will generate 50 gigabytes of data 
each day - a total of 100 terabytes once the mission 
has ended. And for the 2,500 people working on Gaia 
from ESAs staff and members of the space industry 
to those in academia and the scientific community 
it will addre about our galaxy that have, 
until now, always seemed out of reach, something 
which excites project scientist Dr Timo Prusti 
The motivation has always been to discover 
the structure of the Milky Way," he says, 
having work on the Gaia mission 
since 2007. "We can see all of 
these beautiful pictures from 
the Hubble telescope of 
ernal galaxies but we 
don't know how our own 
galaxy looks. Where are 
the spiral arms? Are we in 
the middle of a big spiral 
arm? With Gaia, we can ge 
a correct picture; the basic 
information. 
In order to carry out its work 
Gaia had to reach its designate 
orbit 1.5 million kilometres 
(932,000 miles) from Earth. It did 
this in January 2014, arriving at a 
location known as Lagrange point 2 (L2) 
ere the combined gravitational pull of the 
Sun and the Earth is neutral. 
This location allows for eclipse-free observations 
ating the perfect vantage point for the craft to 
view the galaxy and it is important that it remains 
there, prompting the need for fine adjustments to 
be made each month using its built-in thrusters. 
Scientists then began calibrating Gaia's two telescopes 
and three instruments. Almost immediately, they 
began to see results. Gaia was able to take test 
s, one of which showed a cluster of stars in a 
satellite y of the Milky Way called the Large 
Magellanic Cloud. The best, however, is yet to come. 
In July, with the tests and the calibration complete, 
3D mapping finally started. Rather than tak: 
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Gaia orbits a point in space L5 
million km (932,000 mi) from 
Earth known as L2 








simple snapshots, the main aim is to measure the 
distance between the stars. This not only plots their 
coordinates but it helps astronomers to determine 
each star's essential properties, giving a firm idea as 
to their true luminosity, age and mass, 

To do this, Gaia absorbs a huge amount of data 
as it orbits. It spins slowly once every six hours, 
scanning the sky in any direction. Its two telescopes 
simultaneously observe two rectangular patches 
of the sky and it uses a quantity called the stellar 
parallax which, using simple geometry, can be 
converted into distance. 

It’s a triangulation, where we are observing a star 
from two positions,” says Dr Prusti. “When Gaia is 
at L2 we measure that moment of time. Six months 
later, Gaia moves with the Earth to the other side of 
the Sun and it takes a second measure.” Both times, 
=-coupled device (CCD) 
camera which covers an area of 0.38m? (4.1ft*), Not 
only is the camera capable of taking images to 1 






light is focused on the charg 





billion pixels, it’s the largest focal plane ever flown 
in space. It can detect stars down to magnitude 20 
400,000 times fainter than the naked eye could see. 





“These are very faint objects,” Dr Prusti asserts, 

The Gaia spacecraft is a technical marvel, costing 
around £640 million ($1 billion) to build. Standing 
etres (9.8 feet) in height and weighing 
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Measuring the precise 
distance of stars 

Since Gaia will observe each 
star around 70 times over 

a five-year period - and 
because it is sensitive to 
parallax - it is able to take 
very precise measurements, 
pinpointing the positions 

of our galaxy’s stars and 
looking at their distance 
from each other. This will 
allow scientists to gain a 
snapshot of the Milky Way 
as it appears now. But Gaia 
will also study each star's 
motion and this will answer 
questions about the galaxy’s 
origin and evolution, What's 
more, scientists will be 

able to predict the future of 
the galaxy based on these 
movements. 





two tons, it has three main components. The service 


Gaia's goals 
If ESA's astronomers manage to achieve everything they set 
out to do, Gaia will hit the back of the net 


Creating a 3D map of 
the Milky Way 
Although we have a good 
idea of how our galaxy 
looks, until now no one has 
attempted to chart its true 
structure. But in creating a 
3D map of the Milky Way, 
Gaia will plot a billion stars, 
a feat that will, no doubt, 
see a mass redrawing of 
astronomy books and star 
charts. The result will be the 
most complete 3D map of the 
Milky Way ever produced, 
even bettering that of 
Hipparcos which produced 
an catalogue containing 
some 118,000 stars. Simply 
knowing basic information 
about the kind of galaxy 
we live in will be incredibly 
useful for scientists. 


Revealing the physical 
properties of stars 
Spectrophotometric 
measurements are being 
taken by Gaia to help 
scientists learn about each 
star's gravity, luminosity, 
temperature and chemical 
composition. When combined 
with the movement of the 
stars, astronomers will also 
be able to work out which 
star families belonged to 
different galaxies outside 
the Milky Way; that is, those 
which have since been 
consumed by our galaxy. As 
well as giving scientists a 
better understanding of how 
galaxies work, this kind of 
data will also give a greater 
insight into the origins of the 
Milky Way. 


A spectrometer observes the Doppler shifts (or 
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Yielding clues about 
dark matter 

The nature of dark matter 
has long been a mystery and 
astronomers are still to crack 
just what this invisible stuff 
is that makes up the bulk 

of the universe. Gaia will be 
able to study dark matter's 
distribution in the galaxy and 
while it's not a primary aim, 
it should at least shed new 
light in the wake of findings 
from the ESO's (European 
Southern Observatory’s) La 
Silla telescope in Chile, which 
scanned 400 stars close 

to the Sun and found no 
evidence of dark matter. Only 
by observing dark matter's 
gravitational effects on its 
environment, will further 
questions be answered. 





Discovering previously 
unknown objects 
Although Gaia was not 
created to find planets 
outside of the Solar System, 
the discovery of such 
objects around other stars is 
important in current science. 
Researchers from Princeton 
University in the US and 
Lund University in Sweden 
say there is no reason why 
Gaia cannot, as a by-product 
be repurposed to allow such 
discoveries. They believe, 
over five years, that Gaia will 
be able to detect as many as 
21,000 exoplanets, Certainly, 
Gaia's project scientist Dr 
Prusti says the mission could 
discover larger, Jupiter-like 
planets as well as a number 
of new asteroids. 


module is, in effect, the engine room which houses 
equipment to control and operate the satellite and 
a communication subsystem. As well as supporting 
the payload module, providing power, video data 
processing and data storage, it also has a high rate 
data telemetry, star trackers and a central computer 
and data handing subsystem. 

The payload module includes an instrument with 
three functions. The main one deals with astrometry, 
measuring star position, motion and parallax 
distance. To do this, Gaia needs to collect as many 
photos of the stars as it can so the positioning can 
be determined as precisely as possible. There's also a 
photometric function which informs astronomers of 
the light wavelengths a star is 
emitting. This gives clues as 
toa star's temperature and its 
constituent atmosphere. It also 
indicates the pressure on it 


“Tt allows us to look back in i 
time and gives us an idea of 
the galaxy's history” prtimo Prusti 
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change in frequency of a wave) in the spectrum 
of a planet's star. Finally, to ensure the satellite 
is protected from intense heat, the satellite has a 
deployable sunshield which opens up to a diameter 
of ten metres (33 feet). “As time went on, the 
technology became available to ensure the mission 
would not be an impossible one; Dr Prusti says. 
Perhaps the most astonishing thing, however, is 
Gaia's ability to measure the motion of the stars. 
Since each star will be observed, on average, 70 times 
over the course of the mission, astronomers can 
study their velocity. And because each celestial object 
preserves a part of the era in which it was born, 
scientists can decipher where the star was millions 
of years ago. They will also be able to say where it 
will be in the future. “It allows us to look back in 
time and it gives us an idea of the galaxy’s history.” 
says Dr Prusti. “We will be able to work out how the 
Milky Way was formed and predict where it is going 


Astellar nurSery in the Large Magellanic 
Cloud, a galaxy near tigthat scientists 
used to help calibrate Gaia 
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The reach of Gaia 


Able to gather more data than any other 
satellite ever created, Gaia can peer deep 


into the darkness of the Milky Way 




















because we will know how 
the stars are moving.” 
Plotting this star-studded 
family tree, of course, takes time 
which is why, despite the entire 
having been scanned at least once already, 


SA’s astronomers don't expect to see a reasonable, 


sable map of the to start emerging until the 
summer of 2016. Even then, a full astrometric 
catalogue is unlikely until 2017 at which point 
there will be a good knowledge of the motions. 
The remaining time of the mission will be spent 
improving accuracy of the data. 

But in the meantime, some fundamental finds 

are emerging, In August, two observations taken 
a month apart saw a sudden rise in the brightness 


® Lagrange point 


Gaia is located 

1.5 million km 
(932,000mi) from 
Earth, orbiting 
around Lagrange 
point 2 - a place 
where the gravity of 
Earth and the Sun 


of a distant 
are balanced. : 


galaxy SOO 
million light year 
from Earth. Gaia had 
it very quickly emerged, 
just discovered its first stellar 
explosion. “We can now look at what we saw 
last time - maybe two weeks or a month ago - and 
look for changes,” says Dr Prusti. “Then we can make 
an alert to say, ‘okay, something interesting happened 
in this part of the sky’” 
ia will also be charting whatever flashes into 
its path and these images can be immediately 
transmitted back to Earth via high frequency radio 
waves. The satellite doesn’t send every piece of 
information it absorbs to scientists on Earth; instead it 


‘If there are any asteroids in strange 
orbits... we will see them first because 
nobody is searching for them” 
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ee hf 
8 = 
@ The Sun 
Previous missions 
have only been 


able to measure the 
distance to stars 
that are up to 326 
light years away. 
That's 100 parallax 
seconds, or parsecs, 
from the Sun. 


looks for stark changes which ensures that scientists 
are quickly alerted and can then follow it up. 

Asa result, astronomers are expecting to detect 
a number of new asteroids (especially watching for 
any that may threater th) and it is, space experts 
assert, best placed to do this, particularly because it 
can observe at a 45-degree angle from the Sun. 

“The interesting thing with a 45-degree angle 
observation is that we are looking inside the orbit 
of Earth itself” says Dr Prusti. “If we have any small 
asteroids locked on the same orbit as Earth, we are 
going to find them with this scanning method. Gaia 
also has an advantage over most of the ground base 
searches for new aster which concentrate on the 
ecliptic plane. They don't look at the full sky. They 
look to places where there is the highest probability 
to find something new. But for the main goal of Gaia 
we need to look at the whole sky so if there are any 
asteroids in trange orbits, sort of out of the 
ecliptic plane, we will see them first because nobody 
else is searching for them.” 

It will also be possible for Gaia to discover large 
planets, albeit those similar to the Solar 
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Gaia can take in so 
much more. It can 
measure stars with an 
accuracy of ten per 

cent up to 10,000 

parsecs (over 32,000 
light years) away. 


Jupiter (Gaia is not sensitive to small planets). In 


particular, Gaia will pick up on planets that have 
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outer Solar System, com 
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Outer reaches 
Being able to detect 
Stars at this range - 
piekelelehey sa telg 

« some 65,231 light years 








away - is a remarkable Globular clusters orbit in 
feat for any instrument. large groups close to the 
galactic core 
Motion measurement 


Although Gaia will not be 
measuring distances at this 
point in the Milky Way, it 
will be studying motions to 





Disc dynamics an accuracy of km (0.6mi) 

The Milky Way is a per second. 

disc-shaped structure. 

Gaia will look at the 

spiral arms (regions of 

stars extending from 

the centre). 

.- & 
Globular clusters 
e These are spherical 
A? collections of stars orbiting 
There are at least 100 billion stars in . a galactic core. There are 
the Milky Way andGaiaismapping as many as 158 known in 
just one per cent, or 1billion, which, the Milky Way and up to 20 
shows the sheer scale of our galaxy ,* - undiscovered. 
. 


In order for the mission to run smoothly, 
Gaia's mission control team out 
aseries of launch simulations: 's 


Gaia has started to take 
measurements (200 times 
more accurately than 
Hipparcos) and it will 
continue to do so for a 
period of five years. 
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Gaia's launch, from Kourou “Do you. really 


in French Guiana 


need 1 billion 
stars? Isn't 1 


ae erteions million enough?" 
Dr Timo Prusti 


Worse, shortly after it was commissioned, a steady 
drop in the transmission of Gaia's telescopes was 
spotted. Trapped vapour following the satellite's 
launch had caused water ice deposits to build up on 
the mirrors. This was resolved by heating the payload 
so that the ice melted away from the optics but there 
was still a concern that stray light was hitting parts of 
the Gaia focal plane. 

ESA reported in a blog post that some of it was 
diffracting around the edge of the sunshield and 
being enhanced by reflections off ice deposits. “It was 
hoped that the decontamination campaign would 
remove this ice layer, but unfortunately the stray light 
is still there at the moment,” ESA said in April. 

“We still have unexpected contamination and 
we're getting some water and gas in to the payload 
elements which are building up very slowly - yet fast 
enough, for there to be a need for a decontamination 
exercise in a few months,” Dr Prusti says. “Water in 
the form of ice is collecting on the mirrors and we 


ith to travel 1 
km (932,000mi) 





don't really like to heat them because it disturbs our 
scientific measurements. But we have to do it or the 
quality of the data will not be good enough” 

It hasn't been the only issue but it has been 
a major one. “There has been nothing like a 
showstopper as one can imagine because we are 
in space at the moment,” Dr Prusti continues. “But 
clearly there were many challenges. Getting all of the 
mirrors polished took longer than anticipated but we 
coped with any issues as they came.” 

The upshot of the ice problem, however, is that 
Gaia may not be seeing as faint a light as astronomers 
would like but ESA insists this aspect is a minor 
setback. “The more serious one is that the sharpness 
of the image is not as good as with clean mirrors. We 
need very sharp images because we try to determine 
the position of the centroid of a star” 

And yet it was never going to be easy. As anyone 
who takes photos knows, you shouldn't move when 
you snap away. But Gaia's cameras are attempting to 
match the scanning speed of the sky. Scientists have 
to ensure Gaia is spinning at the same speed so the 
electronics can effectively read the picture. 

No wonder then, that the scientists haven't 
attempted to stretch the mission beyond charting 
one per cent of the Milky Way. “There is always that 
question: ‘you are observing only one per cent? Is 
one per cent enough?” says Dr Prusti. “But the other 
side of that is: ‘do you really need 1 billion stars? Isn't 
1 million enough?’ We are trying to strike the balance 
between sampling enough of the galaxy but still 
having a manageable amount of data to get down. 
We think we have it just right” 

There is no doubt, though, that this is a hugely 
ambitious mission that, despite costing £2 billion ($3.1 
billion) overall, will ultimately be very much worth 
it. Expect to see Gaia's first catalogue in 2016 and the 
full catalogue in 2022. @ 
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Packing light? 
Gaia's got some payload: ten 
mirrors, an astrometry function, 
a photometry function and a 
spectrometry function all within 


the one unit on a spacecraft 3m 
(9.8ft) high. od G sts 
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SaMAZING FACTS ABOUT 


Because many stars orbit others in relatively close _ 
proximity, a white dwarf in a binary system can * 
begin to cannibalise its partner, pulling material 
away from it. The white dwarf continues to gobble 
up matter from the other star until eventually a 
critical mass is reached, triggering a chain reaction 
that results in the white dwarf violently exploding in 
a type Ia supernova. 


Their gravity is 
350,000x Earth's 


‘Degenerate dwarfs’, as they're otherwise known, 

no longer generate outward pressure via fusion like 
main-sequence stars, so their huge mass causes 
them to collapse and compact under gravity. The 
more mass a white dwarf has, the greater the gravity, 
the more its matter is compressed and, therefore, the 
smaller the dwarf is. 
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A teaspoon of 
white dwarf matter 
weighs 5.5 tons 


White dwarfs are extremely dense objects. They. 
have a radius that's typically around 100 times 
smaller than our Sun, but have the same mass. As a 
result, just a single teaspoon of white dwarf matter 
would weigh as much as an elephant on Earth. 


1ite dwarf is the core of a dead star and these 
stellar remnants gradually cool until they no longer 
radiate - in other words, they become more or less 
the same temperature as the background of space. 
At this point, they are considered ‘black dwarfs’. 
However, no black dwarfs exist yet because this 
process takes trillions of years, many times longer 
than the current age of our universe. 


The Sun will one 
day become a 
white dwarf 


The most massive stars will eventually go 
supernova, but stars with anything from 0.8 to 
about ten solar masses will ultimately become white 
dwarfs. This represents over 97 per cent of the Milky 
Way - most of the stars you can see in the night 
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John Mather is the JWST's 


Interview John Mather 
project scientist 
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The James Webb Space Telescope 


The James 


Webb Space 


Telescope 


and the search for life 


The exoplanet-hunting JWST is tipped to make a gigantic leap in our 
understanding of the universe and the origins of life - we caught up with 


project scientist John Mather to find out why 


Interviewed by Gemma Lavender 


First, could you tell us a bit about the James 
Webb Space Telescope (JWST)? 

The JWST doesn't look like a standard telescope in 
a tube. It is also capable of cooling itself to a very 
low temperature of around 40 Kelvin (233 degrees 
Celsius/-388 degrees Fahrenheit) so that it doesn't 
emit infrared light [which would interfere with the 
measurements of the telescope]. The telescope is a 
joint effort between NASA as well as the Canadian 
and European space agencies. 

Just like the Hubble Space Telescope, the JWST 
will be able to take visible light images. The telescope 
is about 6.5 metres [21 feet] in diameter. Now that’s 
a truly gigantic telescope. It is bigger than a rocket 
and it will be unfolded after it reaches outer space. 

In 2018 an Ariane V rocket will launch it, which is a 
contribution of the European Space Agency to the 
project. The required lifetime of the JWST is five 
years of operation but we're hoping that the telescope 
lasts for at least ten years. 





John Mather The telescope is named after astronomer James 
Anastrophysicist at the Webb, who was the effective administrator for NASA 
NASA Goddard Space 


from 1961 through to 1968. He was the man that 


Flight Center, Mather is explained to John F Kennedy that we needed to get 


the senior project scientist 


onthe JWSTand won the man to the Moon inside the decade. And he got it 
Nobel Prize in Physics for right, even though it was extremely dangerous. So we 
his work on the Cosmic honoured him. 
Background Explorer 
(COBE). In 2007 he was Why is it important that we launch the JWST? 
listed in Time magazine's Were doing this for the whole of humanity and 
100 Most Influential 10,000 future users of the telescope, about 1,000 
People in the World engineers and technicians currently building the 
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telescope as well as hundreds of scientists who might 
end up repairing it. 

We really need to expand on the Hubble 
discoveries and so we need to go into space and 
measure in the infrared, and therefore at much longer 
wavelengths. The Hubble Space Telescope is not 
able to see far enough, partly because the expanding 
universe has stretched out the light, meaning that the 
telescope cannot see - what we believe to be ~ the 
very first objects, Infrared light cannot get through 
the Earth’s atmosphere, so that's another reason why 
we have to go into space. Basically we can't do any 
of this without a space telescope and, of course, the 
universe looks very different in infrared light and can 
tell us more about it 


Could you tell us a bit more about how the 
IWST will work? 
The telescope can be unfolded in space and 
positioned away from the Sun so that it's always 
in the dark and so that it remains cold. It has a 
segmented mirror and just one of those segments 
is very much like the mirror that you have in the 
Hubble Space Telescope. Behind the primary mirror 
is the instrument package. The JWST also has a 
gigantic sunshield, which is made out of five layers 
of plastic. This can also unfold in space and is about 
as big as a tennis court. It’s really the first time we've 
needed one of those. 

Before it is launched, the telescope will be folded 
up inside the top of the Ariane V rocket. It's really 
going to be a tremendous process to get it in there. 
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Interview John Mather 





The JWST is currently being constructed. How is be folded up when it reaches space. We have to learn 









What will th that going so far? how to unfold the telescope and then focus it after 
e Were getting on quite well in terms of building it launch. We have tested this on a small telescope and 
JWST do? The mirrors that will comprise the primary are being _looked at how its mirrors have to be adjusted so that 
e tested in the test chamber at NASA‘s Marshall Space we can do the same on the real telescope. It's with 
Flight Center. All together there are 18 hexagonal the JWST that we'll be trying this in outer space for 
. mirrors and they are all finished and in good shape the first time. 
ready to be attached to the carbon-fibre framework, Given that we need to prove that the telescope will 
which holds everything together unfold properly in space, we needed to start trying 
The instrument package has been completed. to prove that on the ground but it's something that 
The engineers had to wear these white suits to keep needs to be done by remote control in outer space. 
the equipment clean as once you put [something We also need to make sure that the giant sunshield, 
like this] together, you can't clean it. Currently the which acts like a big umbrella to keep the telescope 
instrument package is being tested in a tank along cold, will also unfold by remote control. The plastic 
with a simulator for the telescope. The simulator shields will need to be pulled apart and this will take 
produces images as a light beam, which is sent into several days in space. This is one of the most difficult 
the instrument package to demonstrate that the and unfamiliar things... one of the most difficult 
instruments are functioning as they should. The things that we have to understand. You can see how 
JWST will be able to find the first bright objects chamber is very large - large enough to test the large this is and how challenging it is. The design is 
that formed in the early universe instrument package before it's fitted on the telescope. finished and we are now ready to go ahead and build 
the flight parts. 
The Hubble Space Telescope wasn't focused 
properly prior to its launch. How are you going Will there be any more tests after the telescope 
to make sure that the same doesn't happen with has been built? 
the James Webb Space Telescope? After we get the telescope completed, we'll take it to 
We can't focus it prior to launch because it is going to this even larger test chamber at the Johnson Space 


“We hope to find a planet that’s Earth- 
like... to see if it has enough water on it” 


The telescope’s primary mirror 
consists of 18 hexagonal segments 
that will fold out in space 





Figure out how galaxies and their constituents 
including dark matter - evolved to the present day 





JWST will look for life, in particular the building 
blocks, on alien worlds in other planetary systems 
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Center in Texas. We'll be using the same tank that 
the Apollo astronauts used more than 50 years ago 
to prepare themselves for getting out of the space 
capsule and onto the surface of the Moon and then 
back into the capsule, 

We changed the chamber to make it like a 
refrigerator and to get it to the right temperature that 
the telescope will be operating at. The telescope will 
fit in at the bottom, looking at the test equipment at 
the top. It will be in there for two years making 
those tests. 


The JWST will be looking to see if there's life on 
alien worlds. How close do you think we are to 
finding a planet like Earth? 

We hope to find a planet that’s Earth-like and 
measure its atmosphere to work out if it has enough 
water on it to make an ocean. I think that will be in 
around ten to 15 years from now - in that time we 
might be able to say: “I can see that star over there. 
{Its planet] has a climate that's like Earth and it might 
have life on it” 


Do you think that it will be possible to travel to 
these Earth-like worlds? 

We're very fragile. We're not going to be able to travel 
in person very far without a lot of help, I think robots 
are coming along very quickly. I believe robotic 
intelligence will come and we'll have to decide 
whether we like them or not. If they're smart enough, 
then they can tell us what to do and where to go 

just as they did in the movie 2001: A Space Odyssey. 
However, I think it’s also possible that we're going to 
defeat Einstein and that it will still be too far for us to 
go to another solar system. It's not impossible but it's 
pretty hard. That's what I think 





Do you think life would have formed in a similar 
way to how it did on Earth? 

The early history of the Solar System contained 
collisions and explosions. So we know that the 

age of the Earth is around 4.5 billion years old. It's 

by coincidence that it is one-third the age of the 
universe. The Earth-Moon system was most probably 
made by a collision and by an object the size of Mars. 

For hundreds of millions of years, many 
meteorites, asteroids and comets bombarded the 
Earth. Life would not have formed in these early 
times because our planet was too hot and it would 
have been very dry so there would have been no 
possibility of this. 

At around the same time that the rocks stopped 
falling, the Earth started to cool down. The first signs 
of an ocean started to appear. We even have fossils 
that show evidence of life within a few hundred 
billions of years - that’s about the same time that life 
could have possibly occurred here. How life came to 
evolve on our planet is strong evidence that life can 
evolve elsewhere in the universe. Intelligent life 
that’s us - has only really turned up quite recently. 

We ourselves are made out of star material. Stars 


that explode send chemical material into space. Some 


of it is recycled and some of it travels outside of our 
galaxy to make the next generation of stars that 
could have planets - worlds that could be like Earth. 
So that’s the idea: stars explode and make future 
generations of stars and planets. @ 
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Ed Shade; an ences at a 
~Goddard Space Flight Center, puts 

the finishing touches on the JWST’s> 
thermal blankets in a vacuum chamber 


The telescope honours NASA 
administrator James Webb 


Anartist’s 
impression of a 
young Earth 





The JWST's sunshio) 
is the largest part of 
the observatory and 
isaround the same 









Update your knowledge at 





Saturn's rings are 








kept in shape bya 
combination of gravity 
and the planet's 
shepherd moons 
In proud association with y 
the National Space Centre |stats 
www.spacecentre.co.uk “See” 
Sophie Allan 
National Space Academy 
Education Officer 
[.9 SOLARSYSTEM] 
What keeps Saturn's 
i i 
: TINgs 111 Places 
Saturn's she; moons 
keep the pl ‘srings Gary Haynes These particles often collide often be found falling into the 
in check The simple answer is gravity. Imagine with one another and are affected planetary atmosphere. 
each of the particles that make up by the gravity of their parent planet. Saturn's ring system is quite 
- Saturn's rings as moons in orbit around ~—_A combination of collisions and intricate, with each ring being kept 
the gaseous body of the planet. Each other such forces mean that Saturn's in place by the gravitational force of 
of these particles is in freefall- like the _rings tend to spread out. Particles shepherd moons, which ‘herd’ each of 
. ISS is as it orbits around Earth. that are closer in to the planet can the particles to keep them in shape. GL 








Make contact: @ @spaceanswers f /AllAboutSpaceMagazine @ questions@spaceanswers.com 


66 www.spaceanswers.com 


From observations of other galaxies, 
astronomers have inferred that the Milky 
Way is a spiral galaxy 


Qa 


How do we 


know that the 
ilky Way is a 
spiral galaxy? 


Jamie Sullivan 
First, we shouldn't assume that our 
galaxy isn't too dissimilar to those we see 
42 participate in a routine just outside of it. Other than that, there 
operations training are three characteristics the Milky Way 
Session in a mockup of the possesses which imply that it’s a spiral. 
— é International Space Station Looking towards the galactic centre, 
4 SPACE EXPLORATION |e you're able to see a long, thin strip that 
suggests that we're looking at a disc seen 


What will the astronauts edge-on. This rules out an ellipsoidal or 
any other shape of galaxy. We can also 
d di s ? detect a bulge at the centre - and, from 
o on Expedition 42? oracle aan 
Tim Small science experiments to overseeing in space and testing the effects of universe, this breed of galaxy usually has 
An astronaut's daily work is installation, repair and general spaceflight on the human body. On a central bulge. Combine this with the 
immensely varied and there are maintenance of the International a weekly basis, the crew will need way that t ars and gas in our galaxy 
a huge number of tasks the crew Space Station. to make sure that they clean and are moving and very spiral-like, along 
will complete over the next few Science experiments on maintain working order for every with the amount of gas and dust as well 
months of Expedition 42. The work —_ board cross a broad spectrum of module and, when needed, will as its colour and we've got pretty solid 


of the space station's crew will disciplines. Some of the experiments __ repair, install or update any of the evidence that our galaxy is a spiral. GL 
range from conducting intricate include testing the first 3D printer equipment on board. ZB 


c 


What can I expect 
at a Star party? 


Sandra Webster 
Star parties are gatherings of amateur 
astronomers for an evening of 
stargazing. Unlike regular meetings held 
by astronomical societies, star parties 
are usually special events held during 
certain times of the year. 
Ata star party, you'll find that you 
not only engage in stargazing, but you'll 
also get the opportunity to discuss it as ww 
well. As such, they are often held around 
times of interesting celestial activity. 
Since star parties can vary from one 
to the next, it is often best to contact the 


The crew of Expedition 





You can expect todo 


2 plenty of stargazing 
advisers beforehand. JB ada star party: 
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If you could 

listen to Jupiter's 
atmosphere, what 
would it sound like? 


Fiona Ray 
Jupiter is made of thick gas and 
Totates so quickly that it causes a 
huge amount of movement in the 
form of wind. This gives us perhaps a 
small idea to what it may sound lil 
Although unlike here on Earth there 
are no trees and leaves to rustle. 

However, sound is simply the 
movement of vibrations, As you move 
deeper into the gas clouds of Jupiter 
the gas would get thicl hat 
happens, it may be easier to ‘hear 
the bands of gas rubbing together 

though, at the moment, we don't 
know this for sure. 

Maybe one day we'll send a probe 
with a microphone to find out 
what Jupiter sounds like. A similar 
experiment was recently done on 
Comet 67P/Churyumov-Gerasimenko, 
with a microphone used to record the 
sounds of the gases escaping from the 
nucleus of the comet. JB 


If we could hear Jupiter, we might 
be able to hear the gas giant's cloud 
bands rubbing together 


68 


[ \ “ASTRONOMY] 
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Jim Luton 
Yes, you can. Some of the 


have been Earth-based 
astronomers. Throughout 
history the amateur astronomy 

community have done a superb 
job of spotting asteroids. 


Would we be 
able to see our 
J, 
alaxy’s black 
ole from a 
, . 

bird's-eye view? 
Shaun Davies 
Even if we were able to send a 
spacecraft into a position to take a 
bird's-eye picture of our galaxy, we still 
wouldn't be able to see its black hole. 

Sagittarius A* is a very bright and 
compact radio source. It is believed 
to be a supermassive black hole 
something we think is at the centre 
of most galaxies. By definition we can 
only ever indirectly view a black 
as no visible light is emitted from them 

only wavelengths, which are invisible 

to the human eye such as those in 
radio and X-ray wavelengths. On top of 
this, a spacecraft would have to travel 
an unimaginable distance above the 
Milky Way to give us a bird’ 
So, for now, we are only able to peer 
through the dust at the centre of our 
host galaxy with today’s telescopes. JB 


e view. 


most prolific asteroid hunters 





This is due to the sheer amount 
of time they study the sky. The 
easiest way to find asteroids from the 
ground involves astrophotography. 
We take two images of the same 
patch of sky, which have been taken 
a small time apart. Study of these 
images may reveal faint objects 
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/Can I see any asteroids from Earth? 


moving in that small time interval. 
This method is used since spotting 
them with the naked eye is very 
tricky, due to them being very dim. 
The search and logging of asteroids 
is very important as they pose a real 
danger to the Earth, a threat which 
currently we're unable to deflect. SA 





Weare able to see 
asteroids from Earth, 
but a degree of 
astrophotography is 
needed to spot them 






Even if we were able to get 
a bird's-eye view of our 
galaxy, we still wouldn't 
be able to directly see 
Sagittarius A‘ (inset) 
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If a could walk through 
ne 


* You wouldn't bé able to feel 

anebula but you would 
be able to seea colourful 
® region of space around you 


ula, what would it feel like? 


David Kane The reason they appear solid when 


If we were able to walk through a 
nebula, you would barely notice it. 
Despite appearances, nebulae have a 
density millions of times lower than 


we observe them on Earth is because 
we are seeing the big picture. As we 
view these structures we're looking at 
objects millions of kilometres across 


that of the air around us. and with a similar depth. This results 


4 SPACE EXPLORATION 


How can spacecraft slow 
5 
down after accelerating 
through space? 
Martin Wilson 
Tn general, the further a spacecraft gets from 
the Sun, the slower it will move - unless of 
course, the mission has been given enough 
velocity and rocket fuel to propel it to its 
destination. Other effects such as light pressure 
from the Sun, though, can speed up some 
rockets, as can drag from an atmosphere if 
they're close to a planet 
‘To get a spacecraft to a planet such as Jupiter, 
you need to propel it fast enough in order to get 
it further from the Earth. If you simply shoot it 
into space, it will just slow down and fall back 
through the Earth's atmosphere. Combined 
with this and the ‘drag’ mentioned above, there 
must be a balance in order to get the spacecraft 
to reach its destination. GL 
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in us seeing an object standing out 
against the featureless backdrop of 
space. If we found ourselves inside 
we would appear to be surrounded by 
nothing apart from a brightly coloured 
region of space. SA 


To get a spacecraft to 
Jupiter, you need to 
propel it fast enough 

to get it away from the 
Earth - so that it doesn't 
fall back through the 
atmosphere 


. Space 


Quick-fire 
questions 
@spaceanswers 


How are we able to work 
out the age of our Sun? 
Our entire Solar System was made 
at the same time, so we're able to 

estimate the current age of the 
Sun (which is around 5 billion 
years old) by radioactive dating. 


Can we get direct images 

of exoplanets? 
Direct imaging of a planet is 
possible, but to get detailed shots 
of them from Earth or using space 
telescopes is difficult since they 
are very far away, too small and 
not bright enough to see clearly. 


When will it be possible 

to land people on Mars? 
While it's not possible to give a 
definite estimate, many believe 
that we will have humans on the 
surface of Mars in the next 20 to 
30 years. However, there is a lot 
for us to learn before we can send 

one there. 


How can I become 

an astronaut? 
Astronaut training is lengthy and 
expensive and you would need 
a high level of education in a 
scientific or technical discipline to 
qualify. The more relevant skills 
and experience you have, the 
better your chances. 


Can we see out of our 
galaxy from Earth? 
Yes, we can see many, many 
galaxies outside the Milky Way 
galaxy - especially with the help 
of space telescopes and large 
telescopes on the ground. 


Where else in the Solar 
System could life exist? 
Other than below the surface of 
Mars, underneath the surfaces 
of some of Jupiter and Saturr 
moons - such as Titan and Europa 
could be ideal places. 


Does everything in 
space move? 
Yes, whether an object is rotating 
or moving through space in an 
orbit, everything in the cosmos 
is moving. 
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© Whatis a comet tail 
made of? 

Comets have two tails: a plasma 

tail of charged ions (atoms or 

molecules that have either lost or 

gained a subatomic particle) and 

a dust tail. 


© What is space weather? 
Space weather, at least in our 
Solar System, encompasses 

the behaviour of our Sun - in 
particular the solar wind, a flow 
of gases from the Sun that 
streams past Earth at speeds of 
more than 500 kilometres (310 
miles) per second to make aurorae 
for example. 


© What is the mass of a 
brown dwarf? 
OTS 44, for example, is located 
around 550 light years away from 
Earth and is one of the lightest 
brown dwarfs known to us. It 
weighs around 11 times the mass 
of Jupiter. 


© What is the strongest 
magnetic field ever 
known? 

The strongest naturally occurring 

magnetic fields are found around 

a type of neutron star called a 


magnetar. Magnetars spin more 
slowly than a normal neutron star. 


© Do any major rocket 
launches take place 
from Europe? 
No, there have been no launches 
of either manned or unmanned 
missions from anywhere in 
Europe. The majority of rockets 
are launched from either Russia 
or the USA. 


(OIs the Earth a perfect 
sphere? 

Not quite. Our planet is squashed 

at the poles and swollen at the 

equator, meaning that it is not a 

perfect sphere. Instead, we call its 

shape an oblate spheroid. 








Future human settlerson 
need to construct greenhouses in 
order to grow food on the Red Planet 


x. N z 
4 - woe 
A ae 


Can we grow food on Mars? 












Janet Darren special modules where they can re-create 

Plants would str le to grow in the more nal conditions for crops tc 

different and harsher conditions on the potentially growing them hydroponical 
ace of Mars. The lower gravity, lower hout soil. Being able to farm will be an 






t levels, different atmosphere essential skill for a colonist of Mars. 














rient-lacking soil on the Red Planet Horticulture experiments currently 
would make it difficult for Earth-adapted underway on the International Space 
plants to survive without assistance. Station will help us prepare for a future 
Future humar ts on the si where we could grow food on other 
would need to construct greenhouses or planets, moons or even in space itself. ZB 


STRONOMY 


What type of star did I see 
payee and fade quickly 
in the night sky? 


- Kieran Murphy 
If you've ruled out a bright star 
disappearing behind a cloud, what you 
most likely saw was an Iridium flare - these 
are caused by the satellites of the Iridium 
mobile phone system when they happen to 
line up just right. This only lasts a matter of 
a few seconds. 

Iridium flares often look like meteors, 
however, if they're heading directly toward 
you then they will look just like a star-like 
point. The same can be said for meteors, if 
they are angled just right in the night sky. 

Given that any other astronomical event 
lasts longer than a few seconds, it’s unlikely 
to be something like a supernova, which is 
the catastrophic explosion of a star. GL 





to... @ @spaceanswers 


Black holes are responsible for 
phenomena such as quasars, rather 
than the Big Bang 


*) 


aoe ty J 
Bang have been 
a black hole? 


Janine Crockett 

The Big Bang is said to represent a 
space-time singularity - the point 
ina black hole where space-time 
curvature is at a maximum and 

a point where no solid object can 
survive - but it didn't originate from 
a black hole. 

Instead, when you think about 
it - the Big Bang has more of a 
resemblance to the reverse of a 
black hole, called a white hole, 
since everything that we see today 
originated from that small point 
rather than being sucked into it 
However, the Big Bang isn't a white 
hole either. 

What we do know, though, is 
that black holes are responsible for 
phenomena such as quasars rather 
than the Big Bang - so we shouldn't 
expect any miniature Big Bangs 
occurring in the universe. GL 
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wmatichiliat fe ys Learn about the explosive formation 
ets crueignacone of the Sun and the planets 
> 






effects of weightlessness ““s 


What happens to the human body 
during spaceflight? 
Jay Davies 
Humans Earth 2 ‘e disorder 
and therefor rience many different disruption of 
and 
rom the long-term oss ght can affect people 
of spaceflight ‘ and som 
One of the main problems that 
an astronaut suffers from 
muscle and bone mz ‘ rm and so f 
fects of 


International Space Station. 
.@ SOLAR SYSTEM 


Why are Uranus's moons named 
after Shakespearean characters? 


Kerry-Anne Berwick 
There's no rule saying that they can't be. When astronomers discovered moons of 
a particular planet, they usually tried to match moon names to planet names in 






GIANT SPACE 
STORMS 


Discover the biggest, weirdest, most 
violent tempests in the cosmos 
It was William Herschel who discovered the ice giant, but it was his son John 


Herschel who first named the moons - mainly after spirits from the writings of 10 IMPOSSIBLE 

William Shakespeare and Alexander Pope. When more moons were discovered . S C oO J C S 

by Gerard Kuiper and William Lassell, and more recently by Voyager 2 and 2 PA E B E T 

modem telescopes, they continued to be named accordingly. GL Black holes, neutron stars and other 
challenges to Einstein's universe 


NUCLEAR 
SPACECRAFT 


. f The next step in space travel 
€ : technology to take humans 
into deep space 


“Tl. Tameseyia 
ASTRONOMY EDUCATION Feb 
Y sities toon eeaiain a FORCES OF THE UNIVERSE ‘Sth 
plays of Alexander Pope and FLOATING BUBBLEHABS 
William Shakespeare HOW TO SEESTARCLUSTERS 
wiagusanawiececat DOWELIVEINA MULTIVERSE 
PLANETARY DEFENCE AND EXPLORATION 


a mythological sense. For instance, Neptune's moons are named after other sea 
gods. In the case of Uranus though - its moons are not named in relation to the 
ancient Greek diety from which it gets its name at all. 














\ GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY 





72 Getinto | 82seethe 90 Me and my ~ OAnse eae 





In this ) stargazing northern lights telescope kit reviews 
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stars tonight natural night sky show astrophotography images 
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~ most likely with the aid of 
a star map ora planisphere. 
In general, even if you're 
~ looking to buy a telescope 
_~) ata later date, learning your 
Way axe i event OF 
oe course, if you're happy just to 
use the bare minimum of tools 
available to you, then you'll 
.} be pleased to know that there's 
a plenty you can see with the 
; unaided eye. ~ 
But before you head outside 
there are a variety. of things you 
should be aware of to get the 
most out of stargazing. First, you 





E STARGAZER | 
Get into stargazing 


ter nights provide the perfect 
ity to head outside to get started in 
or without a telescope 


should allow your eyes to adapt to the dark to 
observe the fainter targets and, second, you 
should ensure that you've chosen the darkest 
site possible. Any stray light pollution is sure to 
make taking in the night sky difficult at best. 
Of course, while the Moon is one of the best 
targets for naked-eye and binocular-wielding 
astronomers, it is also a source of light 
pollution and must be at its new phase or a 
slim crescent to cause minimum interference. 

Finding yourself under untouched skies 
is a breathtaking experience and you'll be 
amazed what you can see with the unaided 
eye. Star clusters, such as the Pleiades, are 
easily detectable in the winter sky, as is the 
star-forming region known as the Orion 
Nebula. Not only that but the dusty path of the 
Milky Way is easily seen from a dark location. 
A cheap star guide or planisphere will help 
you to find these targets, but given that they 
are so readily visible, you're likely to find that 
you'll see them straight away. Astronomy really 
doesn't come at a cost at this stage. 

It’s not until you decide to get some 
magnification in your hands that money gets 
involved but it doesn’t have to be this way. 
Provided you choose wisely, your first pair of 
binoculars or, indeed, your first telescope can 
last you for years and could even serve as a 
trusty backup to a later purchase. 


The naked-eye 
astronomer 


There are many night sky wonders to behold - and you 
can see them with just your eyes alone 


In theory, your eyes can see down to 
a faint +6 under outstanding night 
sky conditions, and of course, with 
very good eyesight. That means that 
it's possible for you to see at least 
9,000 stars all at once. When you're 
under the darkest of skies, it isn’t just 
stars that will become obvious to 
you - there are galaxies, planets and 
star clusters, which make themselves 
known if you know where to look 
While using a telescope or a pair of 
binoculars as well as observing filters 
will enhance your experience, knowing 
that you can see for thousands of light 
years is very rewarding. 

We've already established that you 
need to let your eyes adapt to the 
dark and that you should avoid light 


pollution and cloudy skies, but there 
are other measures you should take 
to get the best out of your naked-eye 
astronomy experience. You should 
avoid alcohol and nicotine since 
they both depress the dark adaption 
Tesponse of the eye. 

The best time to get involved in 
observing is near the time of the new 
Moon, so that you're not battling light 
pollution in order to seek out night 
sky treasures. You should also aim to 
choose an area that has a good horizon 
and is devoid of obstructions such as 
houses, trees, mountains and hills. 

No doubt that under the best skies 
you can get to, you'll most likely 
want to see as much as your eyes 
and conditions allow. Remember that 


you're likely to see planets and stars 
much more easily than galaxies and 
nebulae, even if they have the same 
magnitude. This is because these 
extended objects are much more 
diffuse than Solar System objects, 
which appear as concentrated points 
of light. 

As the seasons wheel from one 
to the next, you'll find that the 
constellations will start to become 


familiar. During the evenings of winter, 


spring, summer and autumn, you 
might find the constellations of Orion, 
the Big Dipper, Summer Triangle and 
the Great Square of Pegasus with ease. 
You can use these familiar areas as 
signposts to find your way around the 
night sky. 


“Youre likely to see planets and stars much 
more easily than galaxies and nebulae, even 
if they have the same magnitude” 


Measuring the skies 


Forget about sky charts and sm 


hone apps - you can get a good idea 


of the distance between objects with nothing but your bare hands 


nh ¢ 


\ 


~~ j 
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1 degree 

Extend your arm and hold 
out your index finger and you 
can measure the distance 
and apparent size of an 
object equivalent to 1°. A full 
moon is equivalent to 0.5°. 
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5 degrees : 


By stretching out your arm 
and holding up three fingers, 
you are able to measure a 
distance between objects 
and an object's apparent size 
equal to 5°. 


10 degrees 

Your fist measures about 
10°. For example, if you can 
stretch out your arm and fit 
your fist between Jupiter 
and the Moon, then the pair 
are 10° apart. 


20 degrees 

By holding out your arm in 
front of you and spreading 
out your fingers, you are 
able to measure a distance 
of approximately 20° across 
the night sky. 


All about 
magnitudes 


An object's magnitude tells you how 
bright an object is as it appears from 
the Earth. In astronomy, magnitudes 
are represented on a numbered 
scale. Quite confusingly the lower 
the number, the brighter the 

object. For instance, an object of -1 
magnitude is brighter than one with 
a magnitude of +2. 
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: STARGAZER 
Get into stargazing 


Top 3 naked-eye targets 


Orion Nebula (M42) 
ht ascension 

O5h 35m 17s 
Declination: -05° 23° 

Jest seen: Winter 

lation: Orion 

Magnitude: +4.0 
Casually glancing below 
the three stars of Orion's 
belt, you should be able to 
make out the Orion Nebula 
S a smudge in a dark, light 
pollution free sky. The Great 
Nebula of Orion is a huge 
cloud of gas that is forming 
new stars about 1,300 light 
years away from our Solar 
System and is also visible 
from suburban areas. 


The Pleiades (M45) 
Right ascension: 03h 47m 
24s 
Declination: +24° 07° 
Best seen: Winter 
Constellation: Taurus 
Magnitude: +16 
You can't miss the Pleiades 
star cluster, which debuts 
on the nights of winter and 
spring. To the naked eye, 
you should be able to see 
six OF seven stars in a 
formation that's akin to a 
miniature version of the 
Plough, or Big Dipper, when 
en with the ni; le 
This open star cluster is 
visible from the suburbs. 


Andromeda Galaxy 
(M31) 
Right ascension: OOh 42m 
44s 
Declination: +41° 16° 09" 
Jest seen: Autumn 
ation: Andromeda 
Magnitude: +3.5 
At a distance of 2.5 million 
ht years away, the 
dromeda Galaxy 
known as Messier 
‘urthest object we can 
with the unaided eye. You 
ad a dark site to be able 
to see this sp 
in dark and 
in the 
constellation of Andromeda. 
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The Moon: your 


number one target 
All of these sights can 
be seen with the 


naked eye 
Key 


@ Seas 


Mare Imbrium 

(Sea of Showers) 
Coordinates; 32.8°N 15.6°W 
Diameter: 1,145km (71Imi) 
A large circular sea, Mare 
Imbrium is immediately visible 
to the northeast of the great 
sea Oceanus Procellarum. 
Given its size, it can be picked 
out quite easily with the 
naked eye. 


Oceanus 

Procellarum 
(Ocean of Storms) 
Coordinates: 18.4°N 57.4°;W 
Diameter: 2,500km (1,600mi) 
Not too tricky to spot with 
the naked eye, Oceanus 
Procellarum is best viewed 
when the Moon is full or when 
the Moon makes its morning 
appearance in the waning or 
last quarter phase. 


@ Mare Tranquillitatis 
(Sea of Tranquility) 
Coordinates: 8.5°N 31.4°E 
Diameter 873km (542mi) 

The closest sea to where Neil 
Armstrong made the first ever 
human footprint on the Moon. 
Visible during the full, first 
quarter, waxing gibbous and 
also the waning phase. 


Craters 


Mare Crisium 

(Sea of Crises) 
Coordinates: 17.0°N 59.1°E 
Diameter 555km (345mi) 
Fairly easy to pick out with 
the unaided eye, Mare 
Crisium is oval shaped and 
located to the east of Mare 
Tranquillitatis. It’s visible to 
us on Earth during the first 
quarter, full and waxing 
phases of the Moon. 


© Mare Vaporum 
(Sea of Vapours) 
Coordinates: 13.3°N 3.6°E 
Diameter: 245km (152mi) 
Close to Mare Serenitatis, this 
sea might only be just over 
240 kilometres (150 miles) 
across but its dark appearance 
makes it detectable with the 
naked eye. It can be found 
close to the Moon's centre. 
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Copernicus 


9.7°N 20.0°W Plato 
93km (58mi) 51.6°N 9.3°W 
3.8km (2.4mi) 109km (68mi) ) 
km (0.6mi) 














Stevinus 
32.5°S 54.2°E 
75km (47mi) 
3km (1.9mi) 
Aristarchus 
23.7°N 47.4°W 
40km (25mi) 


3.7km (2.3mi) 


4) 
a 
Byrgius Tycho 
oc 5s 30 43.31°S 11.36°W 
24.7°S 65.3°W 86km (54mi) 
4.8km (3mi) 
87km (54mi) 
4.6km (2.8mi) 


Kepler 


Grimaldi i 8.1°N 
5.2°S 68.6°W 38.0°W 
173km (107mi) 32km (20mi) 
2.7km (1.7mi) 2.6km (1.6mi) 


4 Full Moon 
In its full glory, 
the disc is 
completely 
illuminated and 
makes its grand 
appearance from 
sunset to sunrise. 


1 Waxing 
crescent 
In late 


2 First quarter 
Approximately 


3 Waxing 
gibbous 
Here, the Moon 
can be seen to 
have a hunched 
back, with 51% 
to 99% of its 
surface visible 


6 Last 
quarter 
You'd have to 
stay up late into 
the night and into 
the morning to 
catch the last, or 
third, quarter. 


5 Waning 
gibbous 
Stepping 
back into the 
darkness, this 
waning phase is 
visible into the 
early morning. 


7 Waning 
crescent 
The Moon's last 
visible phase 
can be caught 
in the pre- 
dawn and early 
morning sky. 


half of the Moon 
afternoon can be seen during 
and just after _its first quarter, 
dusk, the Moon appearing in the 
begins its late afternoon and 
visible phases. early evening skies. 





Get into Ere te 


Magnifying your experience 


A pair of binoculars or a telescope can bring 


out the very best features of the night sky 


Naked-eye astronomy is a rewarding 
experience but to really see as far into 
the universe as possible, you need 

an optical aid. Binoculars are always 
good to begin with and just being 

in possession of a pair of 1OxSOs 
immediately opens up the opportunity 
to grab sights of night sky targets that 
your eyes can't make out alone. Not 
only that, but simply increasing the 
magnification can provide even better 
views of objects that you can already 
see with the naked eye. 

You should still give your eyes 
time to adapt to the darkness. Given 
that targets will be more difficult to 
find and that they can't be seen as 
well with the naked eye, you should 
make good use of a night sky guide or 
planisphere and use a red torch to read 
it to preserve your night vision. 

On your first night, you shouldn't 
expect too much. You are likely to see 
galaxies and nebulae that resemble 
faint, fuzzy patches of light. Planets 
on the other hand, can appear 





marginally better and the greater your 
magnification, the more impressive 








your view of our Solar System will be. 

All's not lost with getting the best , 
out of observing fainter targets J a 
though. With the help of a 
averted gazing, which involves 3 
looking at an object using 
your peripheral vision, a faint 
object seen through your telescope or 
binoculars will appear brighter, since 
the rod cells around the outside of 
your eye are much more sensitive to 
the dim light of an object. 

To get the best views, you should 
take care of where you place your 
telescope. A stable surface is essential. 
Before you head outside, you should 
also have an idea of what you wish 
to observe. Once you're outside and 
ready to gaze at the wonders of the 
night sky, experimenting with the 
magnification of your telescope by 
changing eyepieces will provide you 


with different and more impressive 
views of your chosen targets. 


How to star hop 


Go old school 

The simple solution to 
finding a celestial object is 
to use ‘GoTo’ lems on a 
modern telescope. These 
orientate a telescope to a 
desired object with almost 
no user input. If not available, 
you must star hop, ie navigate 
through the night sky by 
jumping from one known 
celestial object to another. 
When using small mobile 





scopes this is often an 
essential skill, 


Get chart friendly 

To star hop there are a 
few things you need, and a 
star chart is a must-have - one 
that shows stars and other 
objects clearly. Remember, 
while you can probably see 
the chart's contents clearly 
when you buy it in the 
middle of the day, at night 
it will be - hopefully - pitch 
black at your stargazing spot 
To see properly, make sure 
you partner the chart with a 
ted light torch. 


Find your field 
Determine the field 
of view (FOV) of your 
telescope. This 
is written on binoculars 
but not telescopes. To find 
it on telescopes divide 
apparent FOV of the 
eyepiece (usually specified 
by the manufacturer) by the 
telescope's magnification. The 
finderscope has a larger FOV 
than the main scope, so start 





with the lowest magnification 
eyepiece you have. 


Try templating 

It's useful to have an 
FOV template, too. This 
can be achieved with a few 
square centimetres of clear 
plastic, a drawing compass 
and a felt-tip pen. Find a star 
on the chart, centre the view 
finder on it, check the stars 
on the edge of the FOV, then 
draw a circle on the plastic 
with the compass point on 
the star in the middle of the 
FOV. This will encircle the 
stars on the edge of the field. 


Star hop to target 

Find a bright or easily 
recognisable star in the 
middle of your scope's FOV, 
Note the stars at the edge of 
the field in the direction your 
target object lies in. Move the 
scope so the stars that were 
at the edge of the FOV on one 
side are now on the other. 
Repeat, to find more chart- 
recognisable stars. You can 
jump across the night sky, 
using the chart as a map to 
follow your target 
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STARGAZER 


Top 24 targets for beginners 
Have a pair of binoculars or a small telescope? Then we've got 
the ideal targets for you to observe during the four seasons 


Messier 35. 

Object: Open cluster 

Right ascension: 06h 09m 
Declination: +24° 21" 
Constellation: Gemini 
Magnitude: +53 





Beehive Cluster (M44) . 

Object: Open cluster SoRgee 
Right ascension: 08h 40m 

Declination: 19° 59° 

Constellation: Cancer* 
Magnitude:,+3.7 

















Right ascension: 09h 55m 33s 
Declination: +69° 03' 55” 
Constellation: Ursa Major 


Declination: +28° 22° 38" ° 
Constellation: Caries Venatici* 
























Whirlpool 
Galaxy (M51) 
Object: Galaxy 
Right ascension: 13h 29m 53s 

Declination: +47° 11’ 43" 
Constellation: Canes Venatici 


























Magnitude: +6.2 Magnitude: +6.94 Magnitude: +8.4 
Ring 
Nebula 
(M57) 
Object: 
Planetary 
- nebula 
Albireo Dumbbell Right asce1 
Object: Double star Object: Planetary 18h 53m 35s 
_ Right ascension: 19h 30m 43s Right ascension: 19h Declination: 
Declination: +27° 57' 35" Declination: +22° 43° 16" +33° OF 45" 
Constellation: Cygnus Constellation: Constellation: Lyra 
Magnitude: +3.18 Magnitude: +7.5 Magnitude: +8.8 
Crab Nebula (M1) ‘ > 
Object: Supernova remnant 
‘s 
‘s 
Gamma Andromedae Double Cluster “ae 
Object: Double star Object: Open cluster ‘ 
Right ascension: 02h 03m 54s Right ascension: 02h 20m 
Declination: +42° 19' 47" Declination: +57° 08' 00" _ 
Constellation: Andromeda Constellation: Perseus 


Magnitude: +2.26 














Magnitude: +3:8 
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Messier 67, 
Object: Open cluster 
Right ascension: 08h Sim 
“Declifation: +11° 49" * 
Constellation: Cancer , ** 
Magnitude: +6. * 
be 2 . 


Object: Planetary nebula 
Right ascension: 07h 29m Ils 
Declination: +20° 54° 42" 
Constellation: Gemini 
Magnitude: +10.1 


= STARGAZER | 
Get into stargazing 












a f F Eagle Nebula (M16) 

. Object: Nebula 
Right ascension: 18h 18m 48s 
Declination: -13° 49 
” Constellation: Serpens 























ry PE 
LC a 
b Object: Open cluster. 
Right ascension: 17h 53m Sls 
| Deélination: 734° 47 34" 

| ‘Constellation: Scorpius. 
Magnitude: 433%. | 





North America Nebula £ 
mn ciew,elele)) 
Object: Nebula , . Ne 
| Right ascension: 20h 59m 17s 
Declination: +44° 31' 44" a 
ree 


Constellation: Cygnus 
| Magnitude: +4.0 . 


























































. . a >. 
Ow! Cluster (NGC 457) 
Object: Open cluster . + 
Right ascension: Olh 19m 33s * 
Declination: +58°17°27" , 
Constellation: Cassiopeia 
_ Magnitude: +6.4* 
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STARGAZER 


Brecon Beacons National Park 


Dark destinations citer ec 







d F i Sky Quality Meter reading: 
ohohinchonectoccanicnastest Oe ee ae 
stargazing experience like no other Location: Brecon, Wales 


Area: 1,347km‘/520mi 
















Natural Bridges National 
Monument 

Bortle sky class: |-3 

Sky Quality Meter reading: 
21,75 or above 

Location: Utah, USA 

Area: 30.4km’/1L7mi 








Chaco Culture National 
Historical Park 

Bortle sky class: 1-3 

Sky Quality Meter reading: 
2175 or above 

Location: New Mexico, USA 
Area: 137km*/S3mi? 
















NamibRand Nature 
Reserve 

Bortle sky class: 1-3 
Sky Quality Meter reading: 
21.75 ot above 

Location: Namibia, Africa 
Area: 1,722km’/665mi 











Aoraki Mackenzie International 
Dark Sky Reserve 5 
Bortle sky class: 1-3 

Sky Quality Meter reading: 

21.75 or above 

Location: South Island, New Zealand 
Area: 4,300km’/1,660mi 
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ONE INCREDIBLE LIGHTSHOW 
TWO INCREDIBLE OFFERS, 





EXPERIENCE THE NORTHERN LIGHTS FOR LESS 
THIS WINTER ON A NORWEGIAN COASTAL VOYAGE 





aN 


To book call 020 3051 3822 or visit hurtigruten.co.uk Gl) HURTIGRUTEN 





All About Space takes a trip north to seek 
out nature's greatest light show - 


Written by Gemma Lavender 


Keen aurora hunters often find themselves at the 
highest latitudes in the world. They know that the 
further north you go, the g1 
catching the northern i 
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Chasing the northern lights 


Top places to see 


the northern lights 


Head to the Arctic Circle for your best 
chance of seeing the aurora borealis 





The aurora borealis is at its most 
active between late autumn through 
to early spring with many taking the 
opportunity to hunt for the lights 

at around 6pm to lam between the 
autumn and spring equinoxes. 

While you will be able to see them 
from any location in Norway, the best 
locations are above the Arctic Circle 
in northern Norway or the Svalbard 
Islands. It's said that there's no other 
place on Earth that offers better 
chances of spotting the lights since 
the aurora borealis belt hits Norway's 
Lofoten Islands, following the coast all 
of the way up to the North Cape. 





@ sweden 

The northern lights usually make their 
appearance during the winter months 
through late March or early April and 
can be spotted as early as September in 
the northernmost parts of Sweden. 
Abisko National Park, the village of 
Jukkasjarvi and the Torne Valley as 

well as Porjus and Laponia in Swedish 
Lapland are popular locations. 


@ Finland 

In Finnish Lapland, it’s been estimated 
that you can see the northern 

lights roughly 200 nights a year, 
Kakslauttanen, close to Finland's Urho 
Kekkonen National Park, is regarded as 
a very good region to spot the northern 
lights. In Finland, your best bet of 
seeing aurora borealis is during late 
August all of the way through to April. 


@ Northern Canada 

Northern Canada provides an excellent 
base for aurora seekers. In particular 
Yellowknife in the Northwest Territories 
of Canada, also known as Aurora 
Village, is situated directly beneath 

the auroral oval, meaning that it is one 
of the best places in the world to see 
the lights. Yellowknife also allows for a 
higher percentage of clear weather. 


@ Iceland 

While you can see the northern lights 
from almost anywhere in Iceland, you 
should leave the capital of Reykjavik 
and head out to the plains of the 
bingvellir National Park. Your best 
chance of spotting aurora borealis 

is during September and October 

or during the end of February and 
beginning of March. 


@® Russia 

Being so close to the Arctic Circle, 
Russia is another ideal location to chase 
the northern lights, with almost all of 
the northern regions of the country 
offering fantastic views. The Kola 
Peninsula is a favourite location during 
December and January where great 
stretches of wilderness are in pitch- 
blackness for six weeks. 


@ Alaska 

This is an excellent location to watch 
the aurora borealis dance across the 
night sky, with Fairbanks, Denali and 
the Yukon Territory all being superb 
locations. It is said that if you head 
out to these locations during the right 
time of the year, you'll have around an 
80 per cent chance of witnessing the 
northern lights. 
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What should I 
expect to see? 


Being prepared and patient is key to getting 
the best views of the northern lights 








The aurora bore s rarely as magic of long ex es that 

bright and colourful as it nost | fefinit 
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see a pale, colourless 


aurora in t orthern sky, some have 





reported seeing slight tinge 





or hint 
youreye 
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ghts. It is 








The aurora borealis is made up 
of a variety of colours but you'd 
be hard-pushed to actually see 
anything other than white with 
your eyes - at least not as bright 
and vivid as in photographs 


With the help of websites and apps 
available for iOS and Android, it is 
possible - albeit very roughly - to 
edict if you'll be treated to a 
of the northern lights. 


Aurora Forecast 
Cost: Free 
Available on: i0S/Android 


Aurora Alert 
Cost: £1.91 / $2.99 
Available on: Android 


Aurora Buddy 
Cost: Free 
Available on: Android 








What doI 
need? 

J Hat, scarf and gloves 
J Thermals 

ei Waterproof jacket 

J Winter boots 

J Flask with a hot drink 
mF a Red torch 


J Geographical map 
Jv Mobile phone 
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Chasing the northern lights 


Lights, camera, action: 


imaging 


the aurora borealis 


Get those vivid greens, purples and reds into your shots 


To get the best displays of the 
northern lights possible you 
should find a location within 
the auroral belt as well as 
avoiding any light pollution. 
A great proportion of your 
shooting will be between 
northwest and southeast 
directions in the sky, so 
you should position your 
camera and tripod with 
glaring light sources to 
your south. 
If you have checked aurora 
forecast reports and have 
headed out to find a very weak 


aurora, don't be too put off: 
there's still an opportunity 
for you to image the 
northern lights. Weak 
activity is still fine 
for photography, 


particularly if you're in a relatively 
northern position 

When it comes to kit, these days 
many imagers like to use DSLR 
cameras and ensure that the settings 
of their camera allow for long exposure 
and high ISO noise reduction. Being 
prepared means that you should 
also have your gear ready to go ata 
moment's notice. If you're unsure of 
how your camera's settings work, it's 
a good idea to test it beforehand. You 
should ensure that you have removed 
your camera's lens filter and pre- 
focused your device on a distant point 
like a mountain just before it gets dark. 

As a general rule of thumb, setting a 
camera with an aperture of f/2 to 
or wider to an exposure time of three 
to 30 seconds with a sensitivity of 
ISO 800 to 1600 should get very good 
shots of the northem lights. 


Even weak displays of the 
northern lights provide a 
very good photo opportunity 


Decide if you want to shoot 
in RAW or JPEG - beginners 
may prefer JPEG for now 


Set your camera's LCD 
brightness to low 


Remove the filter from your 

lens - this will ensure that 
you don't have ‘rings’ in 
your images 


ff Test camera exposure 


Ensure you have a sturdy 
tripod and good ballhead 


Keep a spare set of batteries 
and flash cards in your 
pocket. Cold conditions can 
drain batteries very quickly 
and shooting in RAW format 
can take up a lot of space on 
your device 


ee Get a lens hood to protect 
from frost and condensation 


Harrison TELESCOPES Hie 


CALL 


TELESCOPES FROM UNDER £100 
GOTO TELESCOPES FROM £199.99 
WiFi TELESCOPES FROM £375 
ASTRO BINOCULARS FROM £49.99 


@CELESTRON’  suy-waitner’ @®) MEADE 


Saye a occa 
Instrumen 
The latest A 
Flare | contro 
Telescopes’. 


in stock now 
CELESTRON NORA ein 


[ HIGH QUALITY BAADER SOLAR VIEWING GLASSES JUST EACH | 


EXPERT ADVICE ON BUYING & AFTER SALES SUPPORT 


[nS tec telescopes 


www.ktectelescopes.ie 


sales@ktectelescopes.ie 


©2830) 852288692 : 
00353(1) 6877167 


Number / choice for astronomers in Ireland 
We also ship worldwide 


OSO® 


Atik TS Optics Meteorites Skywatcher 


Find us on 


L-Tat ool) 
facebook.com/ktectelescopes 


THE NORTHERN 
LIGHTS 


The Aurora Zone is the original Northern Lights 
al listMe (-loller-}tteMcoMelal\ Relais] 
ate B el) eal-We\ cele-Msiele-T- lity 


Mo) m AN lcele-Maltlal diate M5 4el-lel-lalac} 

1 extensive network of expert quides and 

carefully and scientifically considered 
nations, The Auro 


best chance 


Call 01670 785 099 or visit 
theaurorazone.com 


of seeing the 





& aurora zone 


the northern lights travel company 





A CELESTRO 
NEXSTAR 6S 


Looking for a top-quality telescope? Then 
we've got the perfect competition for you 


The Celestron NexStar isn’t just 

for beginners: it's for astronomers 

of all levels and provides the very 
best stargazing experience thanks 

to its seamless Schmidt-Cassegrain 
design. Courtesy of David Hinds Ltd 
(www.dhinds.co.uk) we're giving this 
fantastic telescope away to one Jucky 
All About Space reader. 

With its six-inch aperture, providing 
excellent light-gathering ability to 
give you impressive views of the 
Moon, planets and deep sky objects, 





To enter, all you need to do is answer this question: 





the NexStar features a GoTo mount 
with a database of 40,000+ celestial 
targets. If you're unsure of finding 
your way around the night sky, then 
this intelligent instrument can locate 
and track objects for you. 

SkyAlign technology allows you 
to get the telescope aligned within 
minutes so you can get right down 
to observing or astroimaging. 

The Celestron NexStar 6SE.is so 
versatile that it allows you to get 
involved with both. 





A: Samantha Cristoforetti, Anton Shkaplerov, Terry Virts : 


B: Samantha Cristoforetti, Tony Shkaplerov, Terry Virts 
C: Samantha Confetti, Anton Shkaplerov, Terry Virts 
Enter online at: spaceanswers.com/competitions \;«i :: 





ebsite for full terms and conditions 








Please note that this chart is for 
midnight mid-month and set 
for 45° latitude north or south 
respectively. 


Hold the chart above your 
head with the bottom of 
the page in front of you. 


Face south and notice 
that north on the chart is 
behind you 


% The constellations on 

@ the chart should now 
match what you see in 
the sky. 


p+ 
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ta 
Send your astronomy photos and pictures 
of you with your telescope to photos@ 
spaceanswers.com and we'll showcase 
them every issue 


Bill Schlosser 


Michigan, USA 
™ Telescope: Meade LX850 14" Schmidt- 

Cassegrain, Astro-Tech AT65EDQ 

astrograph, Orion 7" Maksutov- 
a Cassegrain 

“When I first saw Jupiter through an 

old Meade 8" reflector, it was a seriously 
life-changing moment for me. I joined the US Navy after 
graduating from high school and was stationed in San 
Diego, California. Being on board a darkened ship in the 
middle of the Pacific Ocean is something everyone should 
experience - I witnessed the Milky Way being so bright, 
that it was casting shadows! 

“In 2009, I tried my hand at astrophotography and it 
was a steep learning curve - I went through a variety of 
different cameras. I'm working on duplicating some of 
Damian Peach's excellent planetary images.” 


Saturn's bands and the Cassini 
Division are clearly visible in 


this photo 
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Telescope: Coronado SolarMax II 60 
“My solar images in H-alpha have come a long way 
since my very first ones where I used my mobile 
phone's camera held to the eyepiece of my Coronado 
7 y SolarMax II 60. A high-quality CCD camera perfect 
** for the job then opened up a whole new world of 
solar imaging. This is one of my favourite images I've taken of the 
Sun, which I shot in September 2014. You can see the main sunspot 
area AR 2164 in detail, a swirling maelstrom of plasma. A feature that 
really stands out is a huge curving filament in the upper part of the 
image, which I estimate to be roughly 18 Earths in length. 
“The Sun is such a dynamic object that viewing and imaging it in 
H-alpha gives a constantly changing scene as new features appear 
from day to day, even hour to hour.” 


Scott Phillips 
Carmarthenshire, UK 
—_— Telescope: Sky-Watcher Explorer 130M 
“I have always looked up at the night 
~ f sky, but I started getting serious about 
=! "Ss. astronomy after returning from a 
six-month trip in New Zealand where 
I witnessed the incredible sight of the 
onl j Milky Way in the night sky for the first 
— time ever. 

“On returning to the UK, | immediately purchased 
my first telescope. Although on a low budget, I only 
managed to pick up a Celestron Travel Scope 70. Despite 
this though, I grabbed my first sight of Saturn - I was so 
amazed that I spent hours gazing at its rings. This sight 
alone has driven me to explore other night sky wonders. 

“I wanted to share the incredible sights I was seeing, 
so I researched astrophotography. Knowing it would be 
expensive, I began using afocal imaging ~ a technique 
I still use to this day - and am still able to achieve 
impressive results. I am saving up to purchase a DSLR 
though so that I can improve my planetary and deep sky 
imaging.” 
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Send your photos to... 


@spaceanswers 


photos@spaceanswers.com 





stargazing 
stores 


Email the story of how you got 
into astronomy to photos@ 
spaceanswers.com for a chance to 
feature in All About Space 


“The Cheltenham Science 
Festival, June 2014. Thisis 
on the right watching over 
astronomer George McGavii 


using my telescope” 


3 = Location: Cheltenham, Gloucestershire 
Twitter: @susan_snowy 





Info: Astronomer for two years 
Current rig 

Telescope: Celestron NexStar 8SE 
Mount: Altazimuth fork mount 
Other: Canon 600D DSLR 

I've been interested in astronomy myself to be just as frustrated then as I 


since I was a child and remember was when I first bought the telescope. 


“My first attempt at 
photographing the Orion Nebula” 


watching a partial solar eclipse with It was then I decided to join 
the Cotswold Astronomical Society 


(CAS) to get sc out “Setting up in my back garden 
purchasing a telescope that I would for an evening of observing” 


my dad who projected it onto card and 





marked out its progress as the Moon good advice at 







moved in front of the Sun. 
When I became an adult I didn’t 
progress the hobby other than the 


actually use, enjoy and not get 
frustrated with. I remember going on 
occasional use of a small refractor 
Looking back, I think it was my 


telescope's mount that tried my 


my own - I was actually quite nervous. 
I shouldn't ha' 
everyone w 
made to fe 

“I purchased a Celestron Nex. 
8SE GoTo telesc 
chosen target, the object would drift ma 
out of view even when I tightened the 





2 worried though, 
lovely and I instantly 


welcome. 





patience and stopped me from 
pursuing this hobby. After spending a 





soon after. I 
rom my back garden 
but I also visit a couple of dark sky 


while lining the telescope up with my 






“The supermoon rising on 
9 September 2014” 


nly observe 





mount. It was very frustrating. areas. I've now developed an interest 


"My telescope therefore lived in its in astrophotography too although I'm 


and 


“My first attempt at star 
trails on 24 November 
2014, using a 25-minute 
exposure” 


box until I moved house and realised 
by pure luck that my back garden was 
very dark and perfect for astronomy. 


very much at the beginning stage: 
have a lot to learn. 

“My favourite things to look at are 
the Moon, the Andromeda Galaxy, the 
Orion Nebula and the Great Globular 
Cluster in Hercules, M13" @ 


Susan's top three tips 


1. Aperture is 2. Use averted 3. Get dark adapted 
important vision Allow at least 20 minutes 











With my interest renewed, I dug out 
my old refractor, dusted it off and tried 





it out again. Unfortunately, I found 


Get the largest aperture 
you can afford but make 
sure it's transportable. 
There's no point having 
a telescope you can't use. 
GoTo scopes save time 


Look off to one side of 
faint objects like nebulae 
to see them better. You'll 
use the eye's rod cells, 
which detect dim light in 
black and white. 


for your eyes to adapt to 
the dark and only use a 
red light torch or you will 
be back to square one 
and have to wait another 
20 minutes. 


4 
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“Setting up for an evening of 
observing with friends” 





Current rig 
Telescope: N/A 
Mount: N/A 


“L enjoy the social side of astronomy 
especially the monthly meetings 
and getting together during the clear 
evenings for observing sessions. 

“My love of astronomy began when 
I first started camping many years 
ago. Seeing the night sky and its stars 
made me want to learn more about it. 1 
wanted to know all the constellations. 

“I don't have a telescope at the 
moment. My optical aid of choice is 
a pair of binoculars. I love looking at 
the Moon through my 20x80s - its 
battered surface never bores me and 
I'm amazed by stunning views of its 
lunar mare and craters. 


STARGAZER 


Stargazing stories 





Other: Celestron 20x80 binoculars 


| organise observing sessions 
with some of the members of the 
Cotswold Astronomical Society 
(CAS). | also write articles for the CAS 
newsletter, which | enjoy very much. 

“Ihave had some great nights 
observing the night sky where we've 
challenged ourselves to find and 
view something specific. If it’s cloudy, 
astronomy doesn't stop for us. We 
will resort to tea and biscuits and 
watching something astronomy 
related on TV, a programme or film 
and then discuss it afterwards. | am 
Teally looking forward to many more 
observing sessions to come” @ 


“Its battered surface never 


bores me... I'm amazed by its 
lunar mare and craters 


“The Moon, which “Saturn taken with my 
was taken on 10 phone's camera and through 
August 2014" a telescope eyepiece” 








“Out camping‘dnd observing 
with my friends” 
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STARGAZER 


Celestron 
NexStar 6SE; 


A high-quality telescope for beginner and intermediate astronomers alike, the 
NexStar 6SE is an instrument that promises years of quality stargazing 


Telescope 


advice 


Cost: £999 / $1,359.95 
From: David Hinds Ltd 


Type: Schmidt-Cassegrain 





Planetary viewing 


Basic astrophotography 


Deep sky objects 


6 
oS 
© 
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It's not often that we come across a 
telescope that's a genuine ‘all-rounder 
but we were taken with the Celestron 
NexStar 6SE, especially since it can 
be used by both beginners and 
astronomers who have a good night 
sky knowledge. It’s quite difficult to 
outgrow this telescope, given what 
it can offer and how easy it is to 
accessorise with extra eyepieces and 
other kit. The 25mm Pléssl eyepiece 
supplied gives a magnification of 60x, 
but we'd advise purchasing a selection 
of eyepieces and filters - bearing 
in mind that the highest useful 
magnification is 354x - to get the very 
best out of this telescope. 

Setting this Schmidt-Cassegrain 
up took next to no time and we were 
very impressed with the quality of 
many of its components. The robust 
build of the NexStar 6S 
years of observing sessions, provided 
it is treated with care. We would 
recommend purchasing a dew shield 
for this telescope, though, since 
catadioptric telescopes can succumb 
to moisture. 





2 promises 


The computerised 
fork mount is 
packed with 

the telescope’s 
technology and 
makes finding your 
way around the 
night sky a breeze 


Weighing in at 9.53 kilograms 
(21 pounds), the telescope is a 
touch on the heavy side but given 
the technology and components 
compacted into one instrument, we 
weren't surprised and saw this really 
as a minor inconvenience to those 
who would prefer a lighter scope. 

Quite a large flaw in the telescope's 
design is that it needs eight AA 
batteries to operate the computerised 
fork mount. Sadly, the NexStar 
drains batteries quite quickly, which 
makes using it quite frustrating and 
potentially quite expensive with more 
frequent use. We found that, even with 
rechargeable batteries, the telescope 
would act oddly with low charge, so 
we strongly recommend purchasing 
an AC power cable from Celestron 
because, unfortunately, this is not 
included with the telescope. 

Ce 
comes to the operational abilities of 





estron promises a lot when it 


this instrument, so we were delighted 
to discover that the NexStar 6SE 

did exactly what the manufacturer 
claimed when we took it out to test 
on a clear December evening. Its 

star alignment using the SkyAlign 
technology was impressively simple 
and it wasn't long before we were 
touring the winter night sky. 


Our first target was the Orion 
Nebula, which can be found just below 
Orion's Belt and which is visible to the 
naked eye as a fuzzy patch. Instructing 
the NexStar to view this diffuse 
nebula, the computerised mount 
ran smoothly and was very accurate 
at locating objects: the Trapezium 
Cluster, for instance, is nestled at the 
heart of the Orion Nebula and was 
seen to be aligned close to the centre 
of the field of view. When we brought 
the heart of the nebula into view we 
did notice a degree of vibration while 
focusing but, once finished, views 
could be taken in with no hindrance. 
Thanks to the excellent StarBright XLT 
optical coating, our observations of the 
nebula and its stellar members were 
very crisp, bright and clear, with no 
defects in the optics to speak of. 

While the telescope slews to its 
target (this model has nine speeds) 
the mount does make a great deal of 
noise, particularly when we used the 
moderate to fast settings. If you find 
the noise off-putting and are happy 
to observe without a computerised 
mount, then it's quite easy to switch 
over to a manual one given that the 
tube possesses a Vixen-style dovetail 
Remember, though, you will need a 
Vixen adapter if you want to fit the 








With the StarBright XLT optical coatings, the 
Celestron NexStar 6SE provided clear views, 


with no defects such as colour-fringing 





The Schmidt-Cassegrain comes with a 
25mm eyepiece, as well as easy-to-use 
software and instruction manuals 
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Telescope advice 


Unfortunately, the telescope drains batteries 
very quickly, so we recommend purchasing 
a power cable from Celestron to operate the 

scope. For the money, we'd have expected 
this accessory to be included 





“Views were 


impressively crisp, 
dear and bright” 


tube to another Celestron mount 

Heading back inside to warm 
up with a cup of tea, we decided to 
give the NexStar’s lunar, solar and 
sidereal tracking a test. On returning 
to the telescope 30 minutes later, 
we found that the star hadn't drifted 
out of the field of view, highlighting 
the telescope's excellent tracking 
ability. Many novice astronomers 
might find the idea of using a GoTo 
telescope daunting, but Celestron’s 
comprehensive manuals and software 
will put any worries to bed. 

With the nearly full Moon in the sky 
quite late into the evening, we took 
the opportunity to view our natural 
satellite's cratered surface. What we 
saw was impressive, as the NexStar 
revealed well-defined crater walls and 
lunar mare to a high standard - the 
craters Copemicus and Tycho were 
particularly impressive using the 
modest 5.91" aperture. 

With gas giant Jupiter also at a 
good position in the sky and not 
too far from the Moon, the NexStar 
made short work of locating this 
planet and its four largest moons: 
lo, Europa, Ganymede and Callisto. 
Jupiter took pride of place in the 
field of view as a bright disc, with 
Ganymede and Europa appearing 
as sharp points of light flanking 
the giant's left, while Io and Callisto 
could be found relatively near to the 
planet's right limb. As discovered 
with the Orion Nebula, views through 
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the Schmidt-Cassegrain's optics were 
impressively clear and bright with no 
colour-fringing evident. Jupiter will 
only continue to make an excellent 
target by increasing the telescope's 
magnification, something we highly 
recommend either by using a Barlow 
lens or filters, as well as additional 
eyepieces with a 1.25" fitting. 

Despite a pricetag that many might 
find is way beyond their budget, we 
highly recommend the Celestron 
NexStar range, with the 6SE in 
particular being good value for money 
With little to no maintenance required 
provided you treat the telescope 
with care, this scope will last a long 
time as well as providing impressive 
views of a wide selection of night sky 
targets. There's even room for basic 
astrophotography. A massive thumbs 
up from us! @ 
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Guidescopes 


Good for imaging and tracking, the guidescope is an essential piece of 
kit for the astrophotographer. But which of these came out on top? 


ZWO 60mm 
Cost: £99.60 (. . $156) 
365Astronomy 50mm From: 365Astronomy 
es 
sul esc pe The ZWO guidescope is of excellen 
d 0 build, ma ie solid aluminium 


Cost: £92.40 (approx. $145) 





construction, and comes with a 





















From: 365Astronomy 

ider ring and dovetail. Combined, 
This guidescope from Pe alast ¢ Moon, we entire setup is surprisingly 
365Astronomy’s own range is a very able to pick out the lunar mare lightweight but what impresses us the 
sound piece of kit. Compact and and several craters in high definitior mo: he superb optics, which are 
versatile, it comes with a bracket along with a star field in the Milky ini adated 
that allows it to be attached to a Way, which the guidescope picked ng these optics to the test 
variety of telescopes and mounts out beautifully. To attach a camera. SeaCREGES anil a car ea 
such as those in the Sky-Watcher you'll need to purchase a T-ring 1 the very clear, crisp view 









and Celestron r The guidescope —_ separately. The 





idescope’s build brought into sight by the 60mm 
ty, and promises 





comes already mounted to a bracket ellent qual 


for many observing and 







so all we needed to do was fit it to 
our in-house scope - you can either zing sessions 


fit it toac 














mp or a dovetail bar toc 





Winner: 365Astronomy 50mm guidescope 


but we think the 365Astronomy 





It was cl 





50mm had an edge over the ZWO 60mm 





guidescope since we prefer its build. The optics on 
both are impressively good, with clear and cri 
ZWO 60mm having a 10mm 
aperture advantage over 365A: 





views, Despite th 





my's 50mm. 









we didn't notice any differenc n the tw 





Given this, the v lity of the 


t 


1idescope and 


end the 











cheaper p highly recor 





95Astronomy 5 uidescope 


aperture and into focus by the helical 





focuser 

The 
versatile 
telephc 
who use a DSLR camera and can be 


hich is smooth to operate. 





O guidescope is very 
i 





ibling up as a 280mm. 








lens for astrophotographers 


ha wide rar 





used v 
and mounts, You'll need a T-ring to 





of telescopes 


attach a DSLR to the guidescope, 





whic included in the price 
but this is a small extra cost for an 


excellent accessory. 





Lacerta PhotoRobot 
Cost: £159.60 / $N/A 
From: 365Astronomy 
We like any piece of kit that’s simple 
to use while providing great results 
and the Lacerta PhotoRobot mobile 
tracking mount is one such product. 

Looking past its somewhat 
unattractive appearance, the 
PhotoRobot does a decent job as a 
piece of astrophotography kit. What's 
more it also has an impressive polar 
align assistance function. 

Operation is fairly smooth and, 
being battery operated, it offers 
mobility, too. Be warned, though: 
plugging it into a mains supply will 
damage the device. However, since the 
batteries ran for hours during our test, 
we didn’t see this as a limitation. 

The PhotoRobot employs a Vixen 
dovetail, which means that users 
might have to purchase an adapter if 
their mount isn’t compatible. A slight 
restriction, but well worth purchasing 
given this is the cheapest device you'll 
find with a load capacity of three 
kilograms (6.6 pounds). @ 
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The Edge Of The Sky 
Cost: £10.00 / $16.99 
From: Basic Books 
Understanding the concepts that 
attempt to explain the universe as 
well as the behaviour of the celestial 
objects in it is difficult at the best of 
times. So imagine how hard it must 
be to try to explain it using only the 
1,000 most common words in the 
English language. 

Cosmologist Roberto Trotta has 
done just that in his book The Edge Of 
The Sky, in an attempt to make what 
we know about the universe more 
accessible. It's a valiant effort and we 
are impressed with how he manages it 
in 83 pages, while expertly keeping a 
steady pace. 

Using words such as ‘star-crowd’ 
instead of ‘galaxy’, we found Trotta’s 
writing evolved into something very 
poetic, but we did wonder if readers 
might end up being confused as to 
what he's trying to convey - we'd 
advise sticking with it though. It’s 
a pleasant and novel read that will 
certainly please any space fan. @ 


Space Junk Pro 
Cost: £2.99 / $4.99 
From: Google Play & iTunes 
We like the idea behind Space Junk 
Pro, which uses satellite data to 
show you which planet, satellite and 
constellation is viewable in your sky at 
any one time. What's more, this app is 
available to Android and iOS users. 

We were particularly impressed 
with the way in which the app was 
able to locate the International Space 
Station (ISS) and even the Hubble 
Space Telescope, making it a favourite 
for anyone who has ever found 
themselves rushing outside to witness 
the ISS racing around our planet. 

Smoothly uploading the app onto 
an iPhone and ensuring that our 
device's compass was calibrated, we 
found no issues with running Space 
junk Pro. However, we did find that it 
drains phone batteries quite quickly 
and automatically started up when we 
switched on our device. This might be 
off-putting for some but overall, the 
app is an excellent piece of software 
for a very good price. @ 
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Sega Toys Homestar 
Planetarium 
Cost: £99 / $N/A 
From: Sega Toys 
While we loved the concept of this 
gadget, which allows stars to be 
projected onto your ceiling with the 
occasional shooting star, we think that 
this planetarium from Sega Toys is 
quite overpriced for what it does, 
It's very noisy when switched on 
and the stars that it projects onto 
the walls and ceiling of a dark room 
were quite blurred. The planetarium 
does have a focuser, which enables 
you to give the stars some clarity but 
unfortunately it doesn't seem to make 
these points of light any clearer. In the 
end, we resorted to holding it quite 
close to the wall to get some clarity. 
On the plus side, we think that the 
planetarium is a very good toy for 
young children and provides a good 
educational gadget to get the young 
into stargazing. The build quality 
is good too and it provides a nice 
ambient touch to a room when you 
switch it on in the dark. @ 
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nrico Fermi 


The physics pioneer best known in 
the space industry for his famous 


Fermi paradox 


Born in Italy in 190), Enrico Fermi’s 
passion for physics was reportedly the 
Tesult of a tragedy in his younger days. 
When he was just 14 his older brother 
died and his parents encouraged the 
young Fermi to dedicate more time to 
his education, to console him in his 
grief. Picking up a variety of physics, 
mathematics and astronomy books, 
the inquisitive teen quickly became 
enthralled by the infinite possibilities 
of the world of physics 

Fermi won a scholarship to the 
prestigious Scuola Normale Superiore 
University in Pisa with an entry 
essay so impressive it would have 
been commendable for a doctorate 
degree, Fermi was even asked by 
his teachers to organise his own 
seminars on quantum physics, Even 
while studying, Fermi’s exceptional 
skills meant he was largely self 
taught, and he graduated with 
honours in 1922. He went on to win 
a Rockefeller Fellowship and studied 
under renowned physicist Max 
Born in Germany where he also met 
Albert Einstein. Between 1926 and 
1927 Fermi and English physicist 








Paul Dirac developed new methods 
known as Fermi-Dirac statistics, which 
were concerned with subatomic 
particles obeying a certain law of 
quantum mechanics. These particles, 
now known as fermions, were a 
monumental contribution to the 
worlds of atomic and nuclear physics. 

Continuing to impress and excel, 
Fermi was elected professor of 
theoretical physics at the Sapienza 
University of Rome. While working 
there he gathered a team of talented 
students, such as Emilio Segré and 
Ettore Majorana. They referred to 
Fermi, their leader, as ‘the pope: It 
was at Rome that he began his most 
important work; Fermi began to look 
into the field of nuclear physics. In 
1934, he discovered that nuclear 
transformation could occur in most 
elements. One of the atoms Fermi 
split was uranium, and this led to 
the phenomenon of slowing down 
neutrons, which in turn led to the 
creation of new elements beyond the 
periodic table. 

Fermi was awarded a Nobel Prize 
for his contributions to physics, which 


Fermi continued to 
work on his theories 
surrounding 

¥ nuclear physics 
until his final day 





came at just the right time as he was 
keen to get his family out of the anti- 
Jewish, fascist Italy. He used the prize 
money to escape with his family to 
America. Fermi continued his work 
as professor of physics at Columbia 
University, and his experiments led 
to the first nuclear chain reaction. As 
WWII broke out, Fermi was employed 
as a major part of the team that 
developed the atomic bomb. 

Fermi became a full American 
citizen in 1944, and worked with a 
variety of distinguished scientists such 
as James Cronin and Jack Steinberger. 
While working in America he began to 
direct his attention away from nuclear 
physics and towards particle, or high- 
energy, physics. Fermi dedicated a 
lot of his time to studying the origin 
of cosmic rays and also investigated 
magnetic fields in the arms of a spiral 
galaxy. He also raised a question now 
known as the Fermi paradox - ‘Where 
is everybody?’ - conceming why no 
extraterrestrial civilisations have 
been found and no contact made. 
Sadly, by 1954, Fermi was suffering 
with incurable stomach cancer and 
he died in his sleep aged 53. Today 
Fermi is remembered for his work in 
the creation of the first nuclear reactor 
and the development of the nuclear 
and hydrogen bombs. Many things 
have been named in Fermi's honour, 
such as the Fermi Gamma-tay Space 
Telescope and the Fermi 1 and 2 
nuclear power plants. @ 
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Master Differential 
Equations 


For centuries, differential equations have been the key to unlocking 
nature’s deepest secrets. But now, with the aid of easy-to-grasp 
computer graphics, a highly visual method exists that can start a 
committed learner on the road to finally mastering this beautiful 
application of the ideas of calculus. 


Mastering Differential Equations: The Visual Method takes you on 
this amazing mathematical journey in 24 intellectually stimulating and 
visually engaging lectures delivered by Professor Robert L. Devaney—a 
pioneer of this visual approach. Throughout this course, you'll cover 
first- and second-order differential equations, linear and nonlinear 
systems, chaos theory, dynamical systems, fractals, and more. 


Offer expires 01/02/15 
THEGREATCOURSES.CO.UK/4HIW 
0800 298 9796 





LECTURE TITLES 
What Is a Differential Equation? 
A Limited-Growth Population Model 
Classification of Equilibrium Points 
Bifurcations—Drastic Changes in Solutions 
Methods for Finding Explicit Solutions 
How Computers Solve Differential Equations 
Systems of Equations— 
A Predator-Prey System 
Second-Order Equations— 
The Mass-Spring System 
9. Damped and Undamped Harmonic Oscillators 
10. Beating Modes and Resonance of Oscillators 
11. Linear Systems of Differential Equations 
12. An Excursion into Linear Algebra 
13. Visualising Complex and Zero Eigenvalues 
14. Summarising All Possible Linear Solutions 
15. Nonlinear Systems Viewed Globally—Nullclines 
16. Nonlinear Systems near Equilibria—Linearisation 
17. Bifurcations in a Competing Species Model 
18. Limit Cycles and Oscillations 

in Chemistry 
19. All Sorts of Nonlinear Pendulums 
20. Periodic Forcing and How Chaos Occurs 
21. Understanding Chaos with Iterated Functions 
22. Periods and Ordering of Iterated Functions 
23. Chaotic Itineraries in a Space of All Sequences 
24. Conquering Chaos—Mandelbrot and Julia Sets 
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Mastering Differential Equations: 
The Visual Method 
Course no. 1452 | 24 lectures (30 minutes/lecture) 


SAVE £30 


DVD £8439 
+£2.99 Postage and Packing 
Priority Code: 110702 





For 24 years, The Great Courses has brought the 
world’s foremost educators to millions who want to 
go deeper into the subjects that matter most. No 
exams. No homework. Just a world of knowledge 
available anytime, anywhere. Download or stream 
to your laptop or PC, or use our free mobile apps 
for iPad, iPhone, or Android. Nearly 500 courses 
available at www.TheGreatCourses.co.uk. 

The Great Courses", Unit A, Sovereign Business Park, 


Brenda Road, Hartlepool, TS25 INN. Terms and conditions 
apply. See www.TheGreatCourses.co.uk for details 


CELESTRON 


TECHNOLOGICALLYSUPERIOR 





THE WORLD'S 
MOST LOVED 
TELESCOPE 


















NexStar’ 
EVOLUTION 


The first ever Schmidt-Cassegrain 
Telescope with fully integrated WiFi 


Now you can leave your hand control 
behind and slew to all the best celestial 
objects with a tap of your smartphone 

or tablet. Connect your device to NexStar 
Evolution’s built-in wireless network and 
explore the universe with the Celestron 
planetarium app for iOS and Android. 


6", 8” or 9.25” SCT. 
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a 
Available from specialist astronomy retailers and selected other dealers nationwide. 
Celestron is distributed in the UK & Ireland by David Hinds Limited. Trade enquiries welcomed. 


Wwww.celestron.uk.com 





